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ABSTRACT 

(51) 

(52) 
(57) 
Disclosed is to provide a pressure-sensitive adhesive optical 
?lm that has excellent durability Wherein deterioration of an 
image display region is suppressed even under severe condi 
tions such as heating caused by lighting of a backlight and to 
provide a method for producing the same. Disclosed is also to 
provide an image display using such a pressure-sensitive 
adhesive optical ?lm. A pressure-sensitive adhesive optical 
?lm, comprising: an optical ?lm; and a pressure-sensitive 
adhesive layer arranged on one or both sides of the optical 
?lm, Wherein the pressure-sensitive adhesive layer is made 
from a pressure-sensitive adhesive composition comprising 
100 parts by Weight of a (meth)acrylic polymer Which con 
tains, as a monomer unit, at least 50% by Weight of an alkyl 
(meth)acrylate ester having an alkyl group With 4 or more 
carbon atoms, and 0.02 to 2 parts by Weight of a peroxide, and 
the pressure-sensitive adhesive layer has a thickness of 20 pm 
or more. 
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PRESSURE-SENSITIVE ADHESIVE OPTICAL 
FILM AND METHOD FOR PRODUCING 

SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a pressure-sensitive 
adhesive optical ?lm Wherein a pressure-sensitive adhesive 
layer is arranged on at least one side of an optical ?lm, and a 
method for producing the same. The present invention also 
provides a pressure-sensitive adhesive optical ?lm having the 
pressure-sensitive adhesive layer, and an image display there 
With. 

BACKGROUND ART 

[0002] In recent years, liquid crystal displays have been 
Widely used in various applications including not only cellu 
lar phones and personal computers but also televisions, and 
the production scale has constantly increased. Optical ?lms 
such as polariZing plates and retardation plates for use in 
liquid crystal displays are bonded to liquid crystal cells With 
pressure-sensitive adhesives. Such optical ?lms are required 
to be highly durable to Withstand heating conditions or 
humidifying conditions. 
[0003] Acrylic pressure-sensitive adhesives are generally 
used for such optical ?lms, because of their advantages such 
as durability and transparency. Such acrylic pressure-sensi 
tive adhesives are generally crosslinked to provide moderate 
cohesive strength. Various types of crosslinking agents are 
selected and used in methods for crosslinking such acrylic 
pressure-sensitive adhesives, and there is a published revieW 
article on methods for crosslinking (meth)acrylic polymers 
and functional groups (see for example Non-Patent Literature 
1 listed beloW). 
[0004] Known examples of crosslinking agents for such 
pressure-sensitive adhesives include isocyanate compounds, 
epoxy compounds, aldehyde compounds, amine compounds, 
metal salts, metal alkoxides, ammonium salts, and hydraZine 
compounds (see for example Patent Literature 1 listed 
beloW). Glycidyl compounds, isocyanate compounds, aZiri 
dine compounds, and metal chelates are also knoWn (see for 
example Patent Literature 2 listed beloW). 
[0005] Concerning methods for crosslinking pressure-sen 
sitive adhesives, organic peroxides are disclosed as crosslink 
ing agents for rubber or silicone pressure-sensitive adhesives 
(see for example Non-Patent Literature 2 listed beloW). In the 
disclosure, such organic peroxides are not used as crosslink 
ing agents for acrylic pressure-sensitive adhesives. 
[0006] Concerning crosslinking of acrylic pressure-sensi 
tive adhesives With peroxides, it is knoWn that a tape pressure 
sensitive adhesive composition comprising a thermal reaction 
product of an acrylic copolymer and 1 to 6% by Weight of an 
organic peroxide (see for example Patent Literature 3 listed 
beloW). 
[0007] Also disclosed is a method that includes transfer 
ring, to an air-permeable substrate, a pressure-sensitive adhe 
sive layer having a gel fraction of less than 40% by Weight and 
containing 0.01 to 10 parts by Weight of an organic peroxide 
that does not cause a crosslinking reaction With an acrylic 
pressure-sensitive adhesive at a temperature of 60 to 100° C., 
softening the pressure-sensitive adhesive by heating to 
impregnate the substrate With the pressure-sensitive adhesive, 
and then crosslinking the pressure-sensitive adhesive to form 
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an air-permeable pressure-sensitive adhesive (see for 
example Patent Literature 4 listed beloW). 
[0008] Also disclosed is a method that includes crosslink 
ing an acrylic copolymer of an acrylate and a monomer hav 
ing an ole?n polymer side chain by the use of an organic 
peroxide having a half life of 10 hours at 1100 C. or loWer so 
that the ole?n moiety can be crosslinked to increase cohesive 
strength (see for example Patent Literature 5 listed beloW). 
[0009] Concerning pressure-sensitive adhesives bonded to 
optical ?lms, hoWever, no example has been knoWn Where 
properties are stabiliZed by crosslinking With a peroxide, 
particularly Where degradation With time by hot treatment is 
reduced by crosslinking With a peroxide. 
[0010] Patent Literature 1: Japanese Patent Application 
Laid-Open (JP-A) No. 08-199131; 
[0011] Patent Literature 2: JP-A No. 2003-49141; 
[0012] Patent Literature 3: Japanese Patent Application 
Publication (JP-B) No. 35-4876; 
[0013] Patent Literature 4: JP-A No. 2000-17237; 
[0014] Patent Literature 5: JP-A No. 2003-13027; 
[0015] Non-Patent Literature 1: Pressure-sensitive Adhe 
sive Handbook (2nd Edition), edited by Japan Adhesive Tape 
Manufacturers Association, Oct. 12, 1995, page 147; and 
[0016] Non-Patent Literature 2: Pressure-sensitive Adhe 
sive Handbook (2nd Edition), edited by Japan Adhesive Tape 
Manufacturers Association, Oct. 12, 1995, pages 121 and 
1 59. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0017] Optical ?lms are required to be highly durable as 
described above. HoWever, When a heating test Was per 
formed at high temperature caused by lighting of a backlight, 
linearly light leakage Was produced at a portion about 10 mm 
inside from the edge of an optical ?lm so that a light leakage 
defect Was observed like a WindoW frame. 

[0018] It is therefore an object of the present invention to 
provide a pressure-sensitive adhesive optical ?lm that has 
excellent durability Wherein deterioration of an image display 
region is suppressed even under severe conditions such as 
heating caused by lighting of a backlight and to provide a 
method for producing the same. 
[0019] It is another object of the present invention to pro 
vide an image display using such a pressure-sensitive adhe 
sive optical ?lm. 

Means for Solving the Problems 

[0020] As a result of investigations for achieving the 
objects, the inventors have found that the objects can be 
achieved using the pressure-sensitive adhesive optical ?lm 
described beloW, and has completed the present invention. 
[0021] Thus, the present invention is directed to a pressure 
sensitive adhesive optical ?lm, comprising an optical ?lm and 
a pressure-sensitive adhesive layer arranged on one or both 
sides of the optical ?lm, Wherein the pressure-sensitive adhe 
sive layer is made of a pressure-sensitive adhesive composi 
tion containing 100 parts by Weight of a (meth)acrylic poly 
mer Which contains, as a monomer unit, at least 50% by 
Weight of an alkyl (meth)acrylate having an alkyl group With 
4 or more carbon atoms, and 0.02 to 2 parts by Weight of a 
peroxide, and the pressure-sensitive adhesive layer has a 
thickness of 20 pm or more. 
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[0022] According to the present invention, the pressure 
sensitive adhesive layer has a thickness of 20 um or more and 
is produced by crosslinking the pressure-sensitive adhesive 
composition including a (meth)acrylic polymer With a spe 
ci?c monomer unit composition and a speci?c amount of a 
peroxide. As indicated by the results of the examples 
described later, the pressure-sensitive adhesive optical ?lm 
having such a pressure-sensitive adhesive layer can be highly 
durable to prevent an image display region from deteriorating 
even under severe conditions such as heating caused by light 
ing of backlight. 
[0023] In the present invention, the (meth)acrylic polymer 
contains, as a monomer unit, at least 50% by Weight of an 
alkyl (meth)acrylate ester having an alkyl group With 4 or 
more carbon atoms. The pressure-sensitive adhesive compo 
sition containing such a polymer as a base polymer can form 
a pressure-sensitive adhesive layer having both adhesion and 
durability in a Well-balanced manner. 

[0024] As used herein, the term “(meth)acrylic polymer” 
refers to acrylic polymer and/or methacrylic polymer. The 
term “(meth)acrylate” refers to acrylate and/ or methacrylate, 
and the term “alkyl (meth)acrylate” refers to alkyl acrylate 
and/ or alkyl methacrylate. 
[0025] The (meth)acrylic polymer may contain 0.01 to 5% 
by Weight of a hydroxyl group-containing monomer as a 
monomer unit. 

[0026] In the present invention, the (meth)acrylic polymer 
may be free of functional groups reactive With an isocyanate 
group. 
[0027] The (meth)acrylic polymer preferably has a Weight 
average molecular Weight of 1,000,000 or more. 
[0028] In the present invention, it is characterized in that 
100 parts by Weight of the (meth)acrylic polymer is mixed 
With 0.02 to 2 parts by Weight of a peroxide. 
[0029] The pressure-sensitive adhesive composition pref 
erably further contains 0.01 to 2 parts by Weight of an isocy 
anate crosslinking agent, based on 100 parts by Weight of the 
(meth)acrylic polymer. 
[0030] As used herein, the isocyanate crosslinking agent 
includes an isocyanate compound having tWo or more isocy 
anate groups (including a functional group that is produced 
by temporary protection of an isocyanate group With a block 
ing agent or by oligomeriZation and is convertible to the 
isocyanate group) in a single molecule. 
[0031] The pressure-sensitive adhesive composition pref 
erably further contains 0.01 to 1 part by Weight of a silane 
coupling agent, based on 100 parts by Weight of the (meth) 
acrylic polymer. 
[0032] The pressure-sensitive adhesive layer may be 
arranged on the optical ?lm via an anchor coat layer inter 
posed therebetWeen. In this case, the anchor coat layer pref 
erably includes a polymer. The anchor coat layer can further 
increase the effect of adhesion betWeen the optical ?lm and 
the pressure-sensitive adhesive layer. 
[0033] The pressure-sensitive adhesive layer preferably has 
a thickness of 20 to 50 pm, more preferably of 25 to 40 um. 

[0034] The pressure-sensitive adhesive layer preferably has 
a gel fraction of 40 to 95% by Weight. 
[0035] The optical ?lm may be a laminate including a com 
pensation ?lm. In this case, the compensation ?lm preferably 
includes an obliquely oriented discotic liquid crystal layer, 
because the oblique orientation can be Well controlled and 
because the discotic liquid crystal is a popular material and 
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relatively inexpensive. The optical ?lm may also be a lami 
nate including a polarizing plate for use in liquid crystal 
displays. 
[0036] The other side of the optical ?lm, Which is opposite 
to the pressure-sensitive adhesive layer formed side, may be 
subjected to the process of forming another pressure-sensitive 
adhesive layer, a hard coat layer, an antiglare layer, a loW 
re?ective layer, or the like. Any other optical ?lm such as a 
brightness enhancement ?lm may also be bonded to the other 
side. In addition, any other optical ?lm or ?lms such as a 
retardation ?lm or ?lms may be interposed betWeen the ?lm 
and the pressure-sensitive adhesive layer. 
[0037] In the present invention, the optical ?lm may be 8 
inches or more in siZe. The ?lm siZe may be expressed by the 
diagonal of the ?lm With an aspect ratio of 3:4. 
[0038] The present invention is also directed to a method 
for producing a pressure-sensitive adhesive optical ?lm, 
including the steps of: forming a layer comprising a pressure 
sensitive adhesive composition on one or both sides of an 
optical ?lm and crosslinking the pressure-sensitive layer With 
a peroxide, Wherein the pressure-sensitive adhesive layer is 
made of a pressure-sensitive adhesive composition contain 
ing 100 parts by Weight of a (meth)acrylic polymer Which 
contains, as a monomer unit, at least 50% by Weight of an 
alkyl (meth)acrylate ester having an alkyl group With 4 or 
more carbon atoms, and 0.02 to 2 parts by Weight of a perox 
ide, and the pressure-sensitive adhesive layer has a thickness 
of 20 pm or more. 

[0039] The use of the method of the present invention 
alloWs the production of a pressure-sensitive adhesive optical 
?lm having excellent durablility to prevent an image display 
region from deteriorating even under severe conditions such 
as heating caused by lighting of backlight. 
[0040] As used herein, crosslinking With a peroxide may be 
a process that includes decomposing the peroxide by heating, 
photoirradiation or the like to produce radicals and crosslink 
ing the base polymer With the radicals. The peroxide is pref 
erably decomposed by 50% by Weight or more in the 
crosslinking process With the peroxide. 
[0041] The pressure-sensitive adhesive layer obtained by 
the above production method preferably has a gel fraction of 
40 to 95% by Weight. 
[0042] The present invention is also directed to an image 
display, such as a liquid crystal display, an organic EL display, 
and a PDP, including the pressure-sensitive adhesive optical 
?lm described above. The image display of the present inven 
tion is highly durable to prevent the image display region 
from deteriorating even under severe conditions such as heat 
ing caused by lighting of backlight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a cross-sectional vieW of an example of the 
pressure-sensitive adhesive optical ?lm of the present inven 
tion; and 
[0044] FIG. 2 is a schematic diagram shoWing a method for 
evaluating a WindoW frame-like leakage of light in Examples. 

DESCRIPTION OF REFERENCE MARKS 

[0045] In the draWings, reference numeral 10 represents a 
protective ?lm, reference numeral 12 represents a surface 
treatment layer, reference numeral 14 represents a polariZing 
plate, reference numeral 16 represents an optical ?lm, refer 
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ence numeral 18 represents a pressure-sensitive adhesive 
layer, and reference numeral 20 represents a release ?lm. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0046] Embodiments of the present invention are described 
in detail below. The pressure-sensitive adhesive optical ?lm 
of the present invention includes an optical ?lm and a pres 
sure-sensitive adhesive layer arranged on one or both sides of 
the optical ?lm. The pressure-sensitive adhesive layer is made 
from a pressure-sensitive adhesive composition containing 
100 parts by Weight of a (meth)acrylic polymer Which con 
tains, as a monomer unit, at least 50% by Weight of an alkyl 
(meth)acrylate ester having an alkyl group With 4 or more 
carbon atoms, and 0.02 to 2 parts by Weight of a peroxide. The 
pressure-sensitive adhesive layer has a thickness of 20 pm or 
more. 

[0047] In the present invention, the (meth)acrylic polymer 
used includes, as a monomer unit, at least 50% by Weight of 
an alkyl (meth)acrylate ester having an alkyl group With 4 or 
more carbon atoms. The alkyl group of the alkyl (meth) 
acrylate ester preferably has 4 to 12 carbon atoms, more 
preferably 4 to 9 carbon atoms. While the alkyl group of the 
alkyl (meth)acrylate ester may be a straight chain or a 
branched chain, it is preferably a branched chain because it 
can provide relatively loW glass transition temperature. 
[0048] Examples of the alkyl (meth)acrylate ester include 
methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth) 
acrylate, sec-butyl (meth)acrylate, tert-butyl (meth)acrylate, 
isobutyl (meth)acrylate, n-pentyl (meth)acrylate, isopentyl 
(meth)acrylate, hexyl (meth)acrylate, heptyl (meth)acrylate, 
isoamyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, n-octyl 
(meth)acrylate, isooctyl (meth)acrylate, n-nonyl (meth)acry 
late, isononyl (meth)acrylate, n-decyl (meth)acrylate, isode 
cyl (meth)acrylate, n-dodecyl (meth)acrylate, isomyristyl 
(meth)acrylate, n-tridecyl (meth)acrylate, n-tetradecyl 
(meth)acrylate, stearyl (meth)acrylate, isostearyl (meth)acry 
late, and phenoxyethyl (meth)acrylate. In particular, n-butyl 
(meth)acrylate and 2-ethylhexyl (meth)acrylate or the like are 
preferably used. 
[0049] In an embodiment of the present invention, the alkyl 
(meth)acrylate ester may be used alone, or tWo or more 
thereof may be used in a mixture. The content of the total of 
the alkyl (meth)acrylate ester(s) in all the monomers for the 
(meth)acrylic polymer is from 50 to 99% by Weight, prefer 
ably from 60 to 90% by Weight, more preferably from 70 to 
80% by Weight. A too loW content of the alkyl (meth)acrylate 
ester can lead to poor adhesion and is not preferred. 
[0050] Besides the alkyl (meth)acrylate ester described 
above, any other monomer such as a polymeriZable monomer 
for controlling the glass transition temperature or releasabil 
ity of the (meth)acrylic polymer may be used to form the 
(meth)acrylic polymer in an embodiment of invention, as 
long as the effects of the present invention are not reduced. 
[0051] Examples of other polymeriZable monomers that 
may be used as appropriate for the (meth)acrylic polymer in 
an embodiment of the present invention include cohesive 
strength or heat resistance enhancing components such as 
carboxyl group-containing monomers, sulfonic acid group 
containing monomers, phosphoric acid group-containing 
monomers, cyano group-containing monomers, vinyl ester 
monomers, and aromatic vinyl monomers; adhesive strength 
enhancing components or components With a functional 
group serving as a crosslinking point, such as acid anhydride 
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group-containing monomers, hydroxyl group-containing 
monomers, amide group-containing monomers, amino 
group-containing monomers, imide group-containing mono 
mers, epoxy group-containing monomers, and vinyl ether 
monomers; and (meth)acrylic monomers having an alkyl 
group With 15 or more carbon atoms. The monomer com 

pounds may be used alone, or tWo or more thereof may be 
used in a mixture. 
[0052] Examples of carboxyl group-containing monomers 
include acrylic acid, methacrylic acid, carboxyethyl (meth) 
acrylate, carboxypentyl (meth)acrylate, itaconic acid, maleic 
acid, fumaric acid, and crotonic acid. In particular, acrylic 
acid and methacrylic acid are preferably used. 
[0053] Examples of sulfonic acid group-containing mono 
mers include styrenesulfonic acid, allylsulfonic acid, 
2-(meth)acrylamide-2-methylpropanesulfonic acid, (meth) 
acrylamidepropanesulfonic acid, sulfopropyl (meth)acrylate, 
and (meth)acryloyloxynaphthalenesulfonic acid. 
[0054] Examples of phosphoric acid group-containing 
monomers include 2-hydroxyethylacryloyl phosphate. 
[0055] Examples of cyano group-containing monomers 
include acrylonitrile and methacrylonitrile. 
[0056] Examples of vinyl ester monomers include vinyl 
acetate, vinyl propionate, vinyl laurate, and vinylpyrrolidone. 
[0057] Examples of aromatic vinyl monomers include sty 
rene, chlorostyrene, chloromethylstyrene, and ot-methylsty 
rene. 

[0058] Examples of acid anhydride group-containing 
monomers include maleic anhydride and itaconic anhydride. 
[0059] Examples of hydroxyl group-containing monomers 
include 2-hydroxyethyl (meth)acrylate, 2-hydroxybutyl 
(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 4-hydroxy 
butyl (meth)acrylate, 6-hydroxyhexyl (meth)acrylate, 8-hy 
droxyoctyl (meth)acrylate, l0-hydroxydecyl (meth)acrylate, 
l2-hydroxylauryl (meth)acrylate, (4-hydroxymethylcyclo 
hexyl)methyl acrylate, N-methylol(meth)acrylamide, N-hy 
droxy(meth)acrylamide, vinyl alcohol, allyl alcohol, 2-hy 
droxyethyl vinyl ether, 4-hydroxybutyl vinyl ether, and 
diethylene glycol monovinyl ether. 
[0060] Examples of amide group-containing monomers 
include (meth)acrylamide, N,N-dimethyl(meth) acrylamide, 
N,N-diethyl(meth)acrylamide, N,N-diethylmethacrylamide, 
N-isopropyl(meth)acrylamide, N-methylol(meth)acryla 
mide, N-methoxymethyl(meth)acrylamide, N-butoxymethyl 
(meth)acrylamide, dimethylaminoethyl (meth)acrylate, tert 
butylaminoethyl (meth)acrylate, diacetone(meth) 
acrylamide, N-vinylacetamide, N,N'-methylenebis(meth) 
acrylamide, N,N-dimethylaminopropyl(meth)acrylamide, 
N-vinylcaprolactam, and N-vinyl-2-pyrrolidone. 
[0061] Examples of amino group-containing monomers 
include aminoethyl (meth)acrylate, N,N-dimethylaminoet 
hyl (meth)acrylate, N,N-dimethylaminopropyl (meth)acry 
late, and N-(meth)acryloylmorpholine. 
[0062] Examples of imide group-containing monomers 
include N-cyclohexylmaleimide, N-phenylmaleimide, 
N-methylmaleimide, N-ethylmaleimide, N-propylmaleim 
ide, N-isopropylmaleimide, N-butylmaleimide, and itacon 
imide. 
[0063] Examples of epoxy group-containing monomers 
include glycidyl (meth)acrylate and allyl glycidyl ether. 
[0064] Examples of vinyl ether monomers include methyl 
vinyl ether, ethyl vinyl ether and isobutyl vinyl ether. 
[0065] Examples of (meth)acrylic monomers having an 
alkyl group With one carbon atom or 15 or more carbon atoms 
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include methyl (meth)acrylate, pentadecyl (meth)acrylate 
and hexadecyl (meth)acrylate. 
[0066] The above other polymerizable monomers may be 
used alone, or tWo or more thereof may be used in a mixture. 
The total content of other monomers in all the monomers for 
the (meth)acrylic polymer is preferably from 0.1 to 10% by 
Weight, more preferably from 0.3 to 8% by Weight, still more 
preferably from 0.5 to 5% by Weight. 
[0067] When the hydroxyl group-containing monomer is 
used, alkyl group in hydroxyalkyl group preferably has 2 or 
more carbon atoms so that it can be more reactive With an 

isocyanate crosslinking agent. When a hydroxyl group-con 
taining monomer having an alkyl group in hydroxyalkyl 
group of 2 or more carbon atoms is used, the number of 
carbon atoms in the alkyl group of the alkyl (meth)acrylate 
ester is preferably equal to or less than that of carbon atoms in 
the alkyl group in the hydroxyalkyl group of the hydroxyl 
group-containing monomer. For example, When 4-hydroxy 
butyl (meth)acrylate is used as the hydroxyl group -containing 
monomer, the alkyl (meth)acrylate ester used is preferably 
butyl (meth)acrylate or an alkyl (meth)acrylate Whose alkyl 
group has carbon atoms less than that of butyl (meth)acrylate. 

[0068] The hydroxyl group-containing monomer(s) may 
be used alone, or tWo or more thereof may be used in a 
mixture. The total content of the hydroxyl group-containing 
monomer in all the monomers for the (meth)acrylic polymer 
is preferably from 0.01 to 4% by Weight, more preferably 
from 0.03 to 3% by Weight. 
[0069] The amount of the hydroxyl group-containing 
(meth)acrylic monomer (a2) to be copolymerized is from 
0.01 to 5 parts by Weight, based on 100 parts by Weight ofthe 
alkyl (meth)acrylate (a1). If the amount of the hydroxyl 
group-containing (meth)acrylic monomer (a2) to be copoly 
merized is less than 0.01 parts by Weight, the number of 
crosslinking points for isocyanate crosslinking agents can be 
small. Thus, such an amount is not preferred in vieW of 
adhesion to the optical ?lm or durability. If the amount is 
more than 5 parts by Weight, the number of crosslinking 
points can be too large. Thus, such an amount is not preferred 
in vieW of stress relaxation ability. The amount of the 
hydroxyl group-containing (meth)acrylic monomer (a2) to be 
copolymerized is preferably from 0.01 to 4 parts by Weight, 
more preferably from 0.03 to 3 parts by Weight. In this case, 
the monomer is preferably free of functional groups reactive 
With isocyanate crosslinking agents. 
[0070] In an embodiment of the present invention, a (meth) 
acrylic polymer having no functional group reactive With an 
isocyanate group may be used. When such a (meth)acrylic 
polymer is used, the crosslinking of the (meth)acrylic poly 
mer can be controlled only by a crosslinking thermal decom 
position reaction of the peroxide, and the isocyanate 
crosslinking agent can be prevented from affecting the 
crosslinking of the (meth)acrylic polymer. As a result, su?i 
cient stress relaxation ability and excellent durability can be 
maintained, and excellent handleability can be kept in a pro 
duction step. 
[0071] In this case, the (meth)acrylic polymer having no 
functional group reactive With an isocyanate group can be 
crosslinked only by the peroxide, so that stress relaxation 
ability can be preserved. On the other hand, the isocyanate 
crosslinking agent may be prevented from acting on the 
crosslinking of the (meth)acrylic polymer and alloWed only to 
increase the adhesion to the optical ?lm on purpose. 
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[0072] Besides the above, a silicon atom-containing silane 
monomer may be exempli?ed as the copolymerizable mono 
mer. Examples of the silane monomers include 3-acrylox 
ypropyltriethoxysilane, vinyltrimethoxysilane, vinyltri 
ethoxysilane, 4-vinylbutyltrimethoxysilane, 
4-vinylbutyltriethoxysilane, 8-vinyloctyltrimethoxysilane, 
8-vinyloctyltriethoxysilane, 10-methacryloyloxydecyltri 
methoxysilane, 10-acryloyloxydecyltrimethoxysilane, 
10-methacryloyloxydecyltriethoxysilane, and 10-acryloy 
loxydecyltriethoxysilane. 
[0073] The silane monomer may be used alone, or tWo or 
more thereof may be used in a mixture. The total content of 
the silane monomer in all the monomers is preferably from 
0.1 to 3 parts by Weight, more preferably from 0.5 to 2 parts 
by Weight, based on 100 parts by Weight of the (meth)acrylic 
polymer. The silane monomer is preferably copolymerized in 
order to increase durability. 
[0074] The (meth)acrylic polymer for use in the present 
invention preferably has a Weight average molecular Weight 
of 500,000 to 3,000,000, more preferably of 1,000,000 to 
2,500,000, still more preferably of 1,200,000 to 2,000,000. If 
the Weight average molecular Weight is less than 500,000, 
durability could be loW in some cases. In vieW of Workability, 
the Weight average molecular Weight is preferably 3,000,000 
or less. The Weight average molecular Weight may refer to as 
a polystyrene-equivalent Weight average molecular Weight 
measured and calculated by gel permeation chromatography 
(GPC). 
[0075] In order to provide Well-balanced adhesive perfor 
mance, the (meta)acrylic polymer preferably has a glass tran 
sition temperature (Tg) of —200 C. or loWer (generally —1000 
C. or higher), more preferably of —300 C. or loWer. If the glass 
transition temperature is higher than —200 C., the polymer can 
less easily How and can exhibit insu?icient Wetting perfor 
mance on adherends so that interlayer sWelling can occur. The 
glass transition temperature (Tg) of the (meth)acrylic poly 
mer may be adjusted in the above range by appropriately 
changing the monomer components to be used or the compo 
sition ratio. 
[0076] For the production of the (meth)acrylic polymer, 
any appropriate method may be selected from knoWn produc 
tion methods such as solution polymerization, bulk polymer 
ization, emulsion polymerization, and various radical poly 
merization methods. The resulting (meth)acrylic polymer 
may be any type of copolymer such as a random copolymer, 
a block copolymer and a graft copolymer. 
[0077] In a solution polymerization process, for example, 
ethyl acetate, toluene or the like is used as a polymerization 
solvent. In a speci?c solution polymerization process, for 
example, the reaction is performed under a stream of inert gas 
such as nitrogen at a temperature of about 50 to about 700 C. 
for about 8 to about 30 hours in the presence of a polymer 
ization initiator such as azobisisobutylonitrile added in an 
amount of 0.01 to 0.2 parts by Weight based on 100 parts by 
Weight of the total of the monomers. 
[0078] Any appropriate polymerization initiator, chain 
transfer agent, emulsifying agent and so on may be selected 
and used for radical polymerization. 
[0079] Examples of the polymerization initiator used in the 
present invention include, but are not limited to, azo initiators 
such as 2,2'-azobisisobutylonitrile, 2,2'-azobis(2-amidino 
propane)dihydrochloride, 2,2'-azobis[2-(5-methyl-2-imida 
zoline-2-yl)propane]dihydrochloride, 2,2'-azobis(2-methyl 
propionamidine)disulfate, 2,2'-azobis(N,N' 



US 2009/0258224 A1 

dimethyleneisobutylamidine), and 2,2'-azobis[N-(2 
carboxyethyl)-2-methylpropionamidine]hydrate (VA-057, 
manufactured by Wako Pure Chemical Industries, Ltd.); per 
sulfates such as potassium persulfate and ammonium persul 
fate; peroxide initiators such as di(2-ethylhexyl)peroxydicar 
bonate, di (4 -tert-butylcyclohexyl)peroxydicarbonate, di-sec 
butylperoxydicarbonate, tert-butylperoxyneodecanoate, tert 
hexylperoxypivalate, tert-butylperoxypivalate, dilauroyl 
peroxide, di-n-octanoyl peroxide, 1,1,3,3-tetramethylbutylp 
eroxy-2-ethyl hexanoate, di(4-methylbenzoyl) peroxide, 
dibenzoyl peroxide, tert-butylperoxyisobutylate, 1,1-di(tert 
hexylperoxy)cyclohexane, tert-butylhydroperoxide, and 
hydrogen peroxide; and redox system initiators of a combi 
nation of a peroxide and a reducing agent, such as a combi 
nation of a persulfate and sodium hydrogen sul?te and a 
combination of a peroxide and sodium ascorbate. 
[0080] One of the above polymerization initiators may be 
used alone, or tWo or more thereof may be used in a mixture. 
The total content of the polymerization initiator is preferably 
from about 0.005 to 1 part by Weight, more preferably from 
about 0.02 to about 0.5 parts by Weight, based on 100 parts by 
Weight of the monomer. 
[0081] In the polymerization in embodiment of the present 
invention, any chain transfer agent may also be used. The use 
of the chain transfer agent alloWs appropriate control of the 
molecular Weight of the acrylic polymer. 
[0082] Examples of the chain transfer agent include lauryl 
mercaptan, glycidyl mercaptan, mercaptoacetic acid, 2-mer 
captoethanol, thioglycolic acid, 2-ethylhexyl thioglycolate, 
and 2,3-dimercapto-1-propanol. 
[0083] One of these chain transfer agents may be used 
alone, or tWo or more thereof may be used in a mixture. The 
total content of the chain transfer agent is preferably from 
about 0.01 to 0.1 parts by Weight, based on 100 parts by 
Weight of the monomer. 
[0084] Examples of the emulsi?er used in emulsion poly 
merization include anionic emulsi?ers such as sodium lauryl 
sulfate, ammonium lauryl sulfate, sodium dodecylbenzene 
sulfonate, ammonium polyoxyethylene alkyl ether sulfate, 
and sodium polyoxyethylene alkyl phenyl ether sulfate; and 
nonionic emulsi?ers such as polyoxyethylene alkyl ether, 
polyoxyethylene alkyl phenyl ether, polyoxyethylene fatty 
acid ester, and polyoxyethylene-polyoxypropylene block 
polymers. These emulsi?ers may be used alone, or tWo or 
more thereof may be used in combination. 

[0085] The emulsi?er may be a reactive emulsi?er. 
Examples of such an emulsi?er having an introduced radical 
polymerizable functional group such as a propenyl group and 
an allyl ether group include Aqualon HS-10, HS-20, KH-10, 
BC-05, BC-10, and BC-20 (each manufactured by Dai-ichi 
Kogyo Seiyaku Co., Ltd.) and Adekaria Soap SE10N (manu 
factured by Asahi Denka Kogyo The reactive emulsi 
?er is preferred, because after polymerization, it can be incor 
porated into a polymer chain to improve Water resistance. 
Based on 100 parts by Weight of the monomer, the emulsi?er 
is preferably used in an amount of 0.3 to 5 parts by Weight, 
more preferably of 0.5 to 1 parts by Weight, in vieW of poly 
merization stability or mechanical stability. 
[0086] According to the present invention, 0.02 to 2 parts 
by Weight of the peroxide is added to 100 parts by Weight of 
the (meth)acrylic polymer. 
[0087] In an embodiment of the present invention, any per 
oxide capable of generating active radical species by heating 
or photoirradiation and promoting the crosslinking of the 
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base polymer in the pressure-sensitive adhesive composition 
may be appropriately used. In vieW of Workability and stabil 
ity, a peroxide With a one-minute half-life temperature of 80° 
C. to 160° C. is preferably used, and a peroxide With a one 
minute half-life temperature of 90° C. to 140° C. is more 
preferably used. If the one-minute half-life temperature is too 
loW, the reaction can proceed during storage before coating 
and drying so that coating can be made impossible due to an 
increase in viscosity. On the other hand, if the one-minute 
half-life temperature is too high, the crosslinking reaction 
temperature can be high so that a side reaction can occur, or a 
large part of the peroxide can remain unreacted so that 
crosslinking can undesirably proceed over time in some 
cases. 

[0088] Examples of the peroxide for use in the present 
invention include di(2-ethylhexyl) peroxydicarbonate (one 
minute half-life temperature: 90.6° C.), di(4-tert-butylcyclo 
hexyl) peroxydicarbonate (one-minute half-life temperature: 
92.1° C.), di-sec-butyl peroxydicarbonate (one-minute half 
life temperature: 92.4° C.), tert-butyl peroxyneodecanoate 
(one-minute half-life temperature: 103.5° C.), tert-hexyl per 
oxypivalate (one-minute half-life temperature: l09.l° C.), 
tert-butyl peroxypivalate (one-minute half-life temperature: 
1 103° C.), dilauroyl peroxide (one-minute half-life tempera 
ture: 116.4° C.), di-n-octanoylperoxide (one-minute half-life 
temperature: 117.4° C.), 1,1,3,3-tetramethylbutylperoxy-2 
ethyl hexanoate (one-minute half-life temperature: 124.3° 
C.), di(4-methylbenzoyl) peroxide (one-minute half-life tem 
perature: 128.2° C.), dibenzoyl peroxide (one-minute half 
life temperature: 130.0° C.), tert-butyl peroxyisobutylate 
(one-minute half-life temperature: 136.1° C.), and 1,1-di 
(tert-hexylperoxy)cyclohexane (one-minute half-life tem 
perature: 149.2° C.). In particular, di(4-tert-butylcyclohexyl) 
peroxydicarbonate (one-minute half-life temperature: 92.1° 
C.), dilauroyl peroxide (one-minute half-life temperature: 
116.4° C.), dibenzoyl peroxide (one-minute half-life tem 
perature: 130.0° C.), or the like is preferably used, because 
they can provide high crosslinking reaction ef?ciency. 
[0089] The half life of the peroxide is an indicator of hoW 
fast the peroxide can be decomposed and refers to the time 
required for the amount of the peroxide to reach one half of its 
original value. The decomposition temperature required for a 
certain half life and the half life time obtained at a certain 
temperature are shoWn in catalogs furnished by manufactur 
ers, such as “Organic Peroxide Catalog, 9th Edition, May, 
2003” fumished by NOF CORPORATION. 
[0090] The peroxide(s) may be used alone, or tWo or more 
thereof may be used in a mixture. The total content of the 
peroxide is preferably from 0.02 to 2 parts by Weight, more 
preferably from 0.04 to 1.5 parts by Weight, still more pref 
erably from 0.05 to 1 part by Weight, based on 100 parts by 
Weight of the (meth)acrylic polymer. If the content is less than 
0.02 parts by Weight, crosslinking can be insuf?cient, and 
durability can be loW in some cases. If the content is more 
than 2 parts by Weight, crosslinking can be excessive, and 
adhesion can be loW in some cases. 

[0091] Although not proved, the details of the reason Why 
the use of the peroxide crosslinking can produce the above 
described properties may be as folloWs. In the crosslinking 
process With the peroxide, ?rst, a radical (active species) 
generated from the peroxide can cause a hydrogen abstraction 
reaction from a polymer skeleton so that radicals can be 
generated on the polymer skeleton. The radicals on the poly 
mer skeleton can be coupled to form a crosslink, and the 



US 2009/0258224 A1 

Whole of the polymer skeleton can be incorporated into the 
crosslinked structure so that the Whole of the pressure-sensi 
tive adhesive can be uniformly crosslinked. As a result, per 
formance such as prevention of adhesion of the pressure 
sensitive adhesive to cutting blades and prevention of glue 
protruding after processing can be achieved even When a 
Working process such as stamping or punching is performed 
immediately after the crosslinking process, and the speci?c 
crosslinking process can prevent an additional crosslinking 
reaction over time so that the properties can be stabiliZed. 
[0092] When the peroxide is used as a polymerization ini 
tiator, the peroxide residue Without being used for the poly 
meriZation reaction may be used for the crosslinking reaction. 
In this case, the amount of the peroxide residue may be 
quanti?ed, and if necessary, the peroxide may be added again 
to be used in a speci?c amount. 
[0093] The amount of decomposition of the peroxide may 
be determined by measuring the peroxide residue after the 
reaction process by high performance liquid chromatography 
(HPLC). 
[0094] More speci?cally, for example, after the reaction 
process, about 0.2 g of each pressure-sensitive adhesive com 
position is taken out, immersed in 10 ml of ethyl acetate, 
subjected to shaking extraction at 25° C. and 120 rpm for 3 
hours in a shaker, and then alloWed to stand at room tempera 
ture for 3 days. Thereafter, 10 ml of acetonitrile is added, and 
the mixture is shaken at 25° C. and 120 rpm for 30 minutes. 
About 10 ul of the liquid extract obtained by ?ltration through 
a membrane ?lter (0.45 um) is subjected to HPLC by injec 
tion and analyZed so that the amount of the peroxide after the 
reaction process is determined. 
[0095] Preferably, the pressure-sensitive adhesive compo 
sition further contains 0.01 to 2 parts by Weight of an isocy 
anate crosslinking agent, based on 100 parts by Weight of the 
(meth)acrylic polymer. 
[0096] Examples of the isocyanate crosslinking agent 
include aromatic isocyanates such as tolylene diisocyanate 
and xylene diisocyanate, alicyclic isocyanates such as iso 
phorone diisocyanate, and aliphatic isocyanates such as hex 
amethylene diisocyanate. 
[0097] More speci?cally, examples of the isocyanate 
crosslinking agent include loWer aliphatic polyisocyanates 
such as butylene diisocyanate and hexamethylene diisocyan 
ate; alicyclic isocyanates such as cyclopentylene diisocyan 
ate, cyclohexylene diisocyanate and isophorone diisocyan 
ate; aromatic diisocyanates such as 2,4-tolylene diisocyanate, 
4,4'-diphenylmethane diisocyanate, xylylene diisocyanate, 
and polymethylene polyphenyl isocyanate; isocyanate 
adducts such as a trimethylolpropane-tolylene diisocyanate 
trimer adduct (Coronate L (trade name) manufactured by 
Nippon Polyurethane Industry Co., Ltd), a trimethylolpro 
pane-hexamethylene diisocyanate trimer adduct (Coronate 
HL (trade name) manufactured by Nippon Polyurethane 
Industry Co., Ltd) and an isocyanurate of hexamethylene 
diisocyanate (Coronate HX (trade name) manufactured by 
Nippon Polyurethane Industry Co., Ltd); polyether polyiso 
cyanates and polyester polyisocyanates; adducts thereof With 
various polyols; and polyisocyanates polyfunctionaliZed With 
an isocyanurate bond, a biuret bond, an allophanate bond, or 
the like. In particular, xylylene diisocyanate @(DI) adducts 
are preferred examples in vieW of an increase in adhesion to 
the optical ?lm. 
[0098] The isocyanate crosslinking agent(s) may be used 
alone, or tWo or more thereof may be used in a mixture. The 
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total content of the isocyanate crosslinking agent(s) is pref 
erably from 0.01 to 2 parts by Weight, more preferably from 
0.02 to 1.5 parts by Weight, still more preferably from 0.05 to 
1 part by Weight, based on 100 parts by Weight of the (meth) 
acrylic polymer. If the content is less than 0.01 parts by 
Weight, cohesive strength can be insu?icient in some cases. If 
the content is more than 2 parts by Weight, adhesion can be 
further improved, but handleability can be limited in some 
cases generally With respect to the peroxide crosslinking 
When the totally balanced amount for controlling the degree 
of crosslinking is taken into account. 
[0099] Although the details of the reason Why the use of the 
isocyanate crosslinking agent can produce the above-de 
scribed properties are not unclear, the crosslinking of the 
(meth)acrylic polymer With speci?c amounts of the isocyan 
ate crosslinking agent and the peroxide can form a structure in 
Which both of the crosslink formed by the peroxide (peroxide 
crosslink) and the crosslink formed by the isocyanate 
crosslinking agent (isocyanate crosslink) exist on the (meth) 
acrylic polymer. Thus, it is believed that the crosslink of the 
main chain (peroxide crosslink) With excellent relaxation 
properties formed by the peroxide and the strong urethane 
bond (isocyanate crosslink) formed by the isocyanate 
crosslinking agent may coexist in a Well-balanced manner so 
that su?icient cohesive strength and a behavior capable of 
relaxing the stress on the pressure-sensitive adhesive can be 
exhibited. It is therefore believed that an excellent durability 
can be further ensured in Which deterioration of the image 
display region is particularly suppressed even under severe 
conditions such as heating caused by lighting of backlight. 
[0100] In an embodiment of the present invention, the 
amount of addition of the crosslinking agent (the peroxide 
and the isocyanate crosslinking agent) is preferably con 
trolled such that the crosslinked pressure-sensitive adhesive 
layer can have a gel fraction of 40 to 95% by Weight, more 
preferably 45 to 90% by Weight, and still more preferably of 
50 to 85% by Weight. If the gel fraction is less than 35% by 
Weight, cohesive strength can be reduced so that durability 
can be loW in some cases. If the gel fraction is more than 95% 
by Weight, adhesion can be loW in some cases. 

[0101] In an embodiment of the present invention, the gel 
fraction of the pressure-sensitive adhesive layer may be a 
value determined by a process including immersing a dry 
Weight Wl (g) of the pressure-sensitive adhesive layer in ethyl 
acetate, then taking the insoluble part of the pressure-sensi 
tive adhesive layer out of the ethyl acetate, measuring the 
Weight W2 (g) thereof after drying, and calculating the value 
of (W2/W1)><100 as the gel fraction (% by Weight). 
[0102] More speci?cally, for example, Wl (g) (about 500 
mg) of the pressure-sensitive adhesive layer after the 
crosslinking is sampled and then immersed in ethyl acetate at 
about 23° C. for 7 days. The pressure-sensitive adhesive layer 
Was then taken out and dried at 130° C. for 2 hours, and the 
Weight W2 (g) of the resulting pressure-sensitive adhesive 
layer is measured. W1 and W2 are used in the above formula 
to give the gel fraction (% by Weight). 
[0103] In order to adjust the gel fraction to a speci?c value, 
the amount of addition of the peroxide or the isocyanate 
crosslinking agent should be controlled, and the in?uence of 
the crosslinking temperature or the crosslinking time should 
also be fully taken into account. 
[0104] For example, the crosslinking temperature or the 
crosslinking time is preferably controlled such that the per 
oxide in the pressure-sensitive adhesive composition can be 
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decomposed by 50% by Weight or more, more preferably by 
60% by Weight or more, still more preferably by 70% by 
Weight or more. If the peroxide is decomposed by less than 
50% by Weight, the content of the peroxide residue in the 
pressure-sensitive adhesive composition can be relative high 
so that the crosslinking reaction can undesirably proceed With 
time even after the crosslinking process. 

[0105] More speci?cally, for example, When the crosslink 
ing process is performed at a one-minute half-life tempera 
ture, the peroxide is decomposed by 50% by Weight in one 
minute, by 75% by Weight in tWo minutes, and therefore, the 
crosslinking should be performed for a time period of one 
minute or more. For example, When the peroxide has a half 
life (half-value period) of 30 seconds at the crosslinking 
temperature, the crosslinking process should be performed 
for a time period of 30 seconds or more. For example, When 
the peroxide has a half life (half-value period) of 5 minutes or 
more at the crosslinking temperature, the crosslinking pro 
cess should be performed for a time period of 5 minutes or 
more. 

[0106] The crosslinking temperature or the crosslinking 
time may be theoretically calculated from the half life (half 
value period) of the peroxide to be used, assuming that linear 
proportionality is established, and the amount of addition of 
the peroxide may be controlled as appropriate. Since side 
reactions can more likely occur at higher temperature, the 
crosslinking temperature is preferably 170° C. or loWer. 
[0107] The crosslinking process may be performed at the 
temperature of the step of drying the pres sure-sensitive adhe 
sive layer, or the crosslinking process may be separately 
performed after the drying process. 
[0108] While the crosslinking time may be determined tak 
ing productivity or Workability into account, it is generally 
from about 0.2 to about 20 minutes, preferably from about 0.5 
to about 10 minutes. 

[0109] A silane coupling agent may also be used for the 
pressure-sensitive adhesive composition for use in the present 
invention in order to increase adhesive strength or durability. 
Any appropriate knoWn silane coupling agent may be used. 
[0110] Examples of silane coupling agents include epoxy 
group-containing silane coupling agents such as 3-glycidox 
ypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, 
3-glycidoxypropylmethyldiethoxysilane, and 2-(3,4-epoxy 
cyclohexyl)ethyltrimethoxysilane; amino group-containing 
silane coupling agents such as 3-aminopropyltrimethoxysi 
lane, N-(2-aminoethyl)-3-aminopropylmethyldimethoxysi 
lane, and 3 -triethoxysilyl -N- (l ,3 -dimethylbutylidene)propy 
lamine; (meth)acrylic group-containing silane coupling 
agents such as 3-acryloxypropyltrimethoxysilane and 
3-methacryloxypropyltriethoxysilane; and isocyanate group 
containing silane coupling agents such as 3-isocyanatepropy 
ltriethoxysilane. Such silane coupling agents are preferably 
used to increase durability. 

[0111] The silane coupling agent may be used alone, or tWo 
or more thereof may be used in a mixture. The total content of 
the silane coupling agent is preferably from 0.01 to 1 part by 
Weight, more preferably from 0.02 to 0.6 parts by Weight, still 
more preferably from 0.05 to 0.3 parts by Weight, based on 
100 parts by Weight of the (meth)acrylic polymer. If the 
content is less than 0.01 parts by Weight, durability can be loW 
in some cases. If the content is more than 1 part by Weight, 
adhesive strength to the optical ?lm such as a liquid crystal 
cell can increase too much in some cases. 
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[0112] The pressure-sensitive adhesive composition foruse 
in the present invention may also contain any other knoWn 
additive. For example, a tacki?er, a poWder such as a colorant 
and a pigment, a dye, a surfactant, a plasticiZer, a surface 
lubricant, a leveling agent, a softening agent, an antioxidant, 
an age resister, a light stabiliZer, an ultraviolet absorbing 
agent, a polymerization inhibitor, an inorganic or organic 
?ller, a metal poWder, or a particle- or foil-shaped material 
may be added as appropriate depending on the intended use. 
A redox system including an added reducing agent may also 
be used in the controllable range. 

[0113] The pressure-sensitive adhesive composition com 
posed as described above is used for the pressure-sensitive 
adhesive optical ?lm of the present invention. 
[0114] The pressure-sensitive adhesive layer used for the 
pressure-sensitive adhesive optical ?lm of the present inven 
tion is produced by crosslinking the pressure-sensitive adhe 
sive composition described above. The process of crosslink 
ing the pressure-sensitive adhesive composition is generally 
performed after it is applied to the object. Alternatively, hoW 
ever, the pressure-sensitive adhesive layer may be formed by 
crosslinking the pressure-sensitive adhesive composition and 
then transferred to the optical ?lm. 

[0115] Any method may be used to form the pressure 
sensitive adhesive layer on the optical ?lm. For example, the 
pressure-sensitive adhesive layer may be formed by a method 
that includes applying the pressure-sensitive adhesive com 
position to a release-treated separator or the like, removing a 
polymeriZation solvent and the like by drying, and transfer 
ring the pressure-sensitive adhesive layer onto the optical 
?lm, or by a method that includes applying the pressure 
sensitive adhesive composition to the optical ?lm and remov 
ing a polymeriZation solvent and the like by drying to form 
the pressure-sensitive adhesive layer on the optical ?lm. 
When the pressure-sensitive adhesive composition is applied 
to the optical ?lm to form a pressure-sensitive adhesive opti 
cal ?lm, one or more solvents other than the polymerization 
solvent may be further added to the composition such that it 
can be uniformly applied to the optical ?lm. 
[0116] Examples of such solvents foruse in an embodiment 
of the present invention include methyl ethyl ketone, acetone, 
ethyl acetate, tetrahydrofuran, dioxane, cyclohexanone, 
n-hexane, toluene, xylene, methanol, ethanol, n-propanol, 
isopropanol, and Water. The solvent(s) may be used alone, or 
tWo or more thereof may be used in a mixture. 

[0117] Known methods for the production of adhesive 
sheets may be used to form the pressure-sensitive adhesive 
layer for use in the present invention. Examples of such 
methods include roll coating, kiss roll coating, gravure coat 
ing, reverse coating, roll brush, spray coating, dip roll coating, 
bar coating, knife coating, air knife coating, curtain coating, 
lip coating, and extrusion coating With a die coater. 
[0118] The pressure-sensitive adhesive layer for use in the 
present invention may be formed by a production method 
including the steps of forming a layer composed of any of the 
pressure-sensitive adhesive compositions described above on 
one or both sides of the optical ?lm and crosslinking the 
pressure-sensitive adhesive composition layer With the per 
oxide. This method alloWs the production of a pressure-sen 
sitive adhesive layer that has excellent durability such that 
deterioration of the image display region can be suppressed 
even under severe conditions such as heating caused by light 
ing of backlight. 
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[0119] The surface of the pressure-sensitive adhesive layer 
may also be subjected to adhesion facilitating treatment such 
as corona treatment and plasma treatment. 

[0120] When the pressure-sensitive adhesive is exposed on 
such a surface, the pressure-sensitive adhesive layer may be 
protected With a release sheet (a separator or a release ?lm) 
having undergone release treatment, before practical use. 
[0121] Examples of the material for forming the separator 
include a plastic ?lm such as a polyethylene, polypropylene, 
polyethylene terephthalate, or polyester ?lm, a porous mate 
rial such as paper, cloth and nonWoven fabric, and an appro 
priate thin material such as a net, a foamed sheet, a metal foil, 
and a laminate thereof. In particular, a plastic ?lm is prefer 
ably used, because of its good surface smoothness. 
[0122] The plastic ?lm may be any ?lm capable of protect 
ing the pres sure-sensitive adhesive layer, and examples 
thereof include a polyethylene ?lm, a polypropylene ?lm, a 
polybutene ?lm, a polybutadiene ?lm, a polymethylpentene 
?lm, a polyvinyl chloride ?lm, a vinyl chloride copolymer 
?lm, a polyethylene terephthalate ?lm, a polybutylene 
terephthalate ?lm, a polyurethane ?lm, and an ethylene-vinyl 
acetate copolymer ?lm. 
[0123] The thickness of the separator is generally from 
about 5 to about 200 um, preferably from about 5 to about 100 
pm. 

[0124] If necessary, the separator may be treated With a 
release agent such as a silicone, ?uorine, long-chain alkyl, or 
fatty acid amide release agent, or may be subjected to release 
and antifouling treatment With silica poWder or to antistatic 
treatment of coating type, kneading and mixing type, vapor 
deposition type, or the like. In particular, if the surface of the 
separator is appropriately subjected to release treatment such 
as silicone treatment, long-chain alkyl treatment, and ?uorine 
treatment, the releasability from the pressure-sensitive adhe 
sive layer can be further increased. 

[0125] In the above production method, the release-treated 
sheet may be used Without modi?cation as a separator for the 
pressure-sensitive adhesive optical ?lm or the like, so that the 
process can be simpli?ed. 

[0126] The pressure-sensitive adhesive layer produced by 
crosslinking the pressure-sensitive adhesive composition 
With the peroxide can be subjected to punching or slit pro 
cessing immediately after a series of processes such as coat 
ing, drying, crosslinking, and transferring, in no need of aging 
or the like. Therefore, the pressure-sensitive adhesive layer 
has excellent productivity. 
[0127] The pressure-sensitive adhesive layer preferably has 
a thickness of 20 to 50 um, more preferably of 25 to 40 um, 
still more preferably of 25 to 35 um. When prepared in the 
above range, the pressure-sensitive adhesive optical ?lm of 
the present invention can form an excellent durable image 
display region that is particularly prevented from deteriorat 
ing even under severe conditions such as heating caused by 
lighting of backlight. 
[0128] The pressure-sensitive adhesive optical ?lm of the 
present invention includes the optical ?lm and the pressure 
sensitive adhesive layer having the features described above 
and arranged on one or both sides of the optical ?lm. In the 
pressure-sensitive adhesive optical ?lm of the present inven 
tion, the pressure-sensitive adhesive layer has the advanta 
geous effect described above. Therefore, the pressure-sensi 
tive adhesive optical ?lm of the present invention can form an 
excellent durable image display region that is particularly 
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prevented from deteriorating even under severe conditions 
such as heating caused by lighting of backlight. 
[0129] The optical ?lm may be of any type for use in form 
ing image displays such as liquid crystal displays. For 
example, the optical ?lm may be a polarizing plate (polariz 
ing ?lm), a retardation plate (retardation ?lm), an elliptically 
polarizing plate (elliptically polarizing ?lm), an antire?ection 
?lm, a brightness enhancement ?lm, or the like. Particularly 
When a polarizing plate, a retardation plate, or an elliptically 
polarizing plate is used, the pressure-sensitive adhesive layer 
can offer good stress-relaxation performance. A polarizing 
plate including a polarizer and a transparent protective ?lm 
provided on one or both sides of the polarizer is generally 
used. 

[0130] A polarizer is not limited especially but various 
kinds of polarizer may be used. As a polarizer, for example, a 
?lm that is uniaxially stretched after having dichromatic sub 
stances, such as iodine and dichromatic dye, absorbed to 
hydrophilic high molecular Weight polymer ?lms, such as 
polyvinyl alcohol type ?lm, partially formalized polyvinyl 
alcohol type ?lm, and ethylene-vinyl acetate copolymer type 
partially saponi?ed ?lm; poly-ene type alignment ?lms, such 
as dehydrated polyvinyl alcohol and dehydrochlorinated 
polyvinyl chloride, etc. may be mentioned. In these, a poly 
vinyl alcohol type ?lm on Which dichromatic materials such 
as iodine, is absorbed and aligned after stretched is suitably 
used. Although thickness of polarizer is not especially lim 
ited, the thickness of about 5 to 80 um is commonly adopted. 
[0131] A polarizer that is uniaxially stretched after a poly 
vinyl alcohol type ?lm dyed With iodine is obtained by 
stretching a polyvinyl alcohol ?lm by 3 to 7 times the original 
length, after dipped and dyed in aqueous solution of iodine. If 
needed the ?lm may also be dipped in aqueous solutions, such 
as boric acid and potassium iodide, Which may include zinc 
sulfate, zinc chloride. Furthermore, before dyeing, the poly 
vinyl alcohol type ?lm may be dipped in Water and rinsed if 
needed. By rinsing polyvinyl alcohol type ?lm With Water, 
effect of preventing un-uniformity, such as unevenness of 
dyeing, is expected by making polyvinyl alcohol type ?lm 
sWelled in addition that also soils and blocking inhibitors on 
the polyvinyl alcohol type ?lm surface may be Washed off. 
Stretching may be applied after dyed With iodine or may be 
applied concurrently, or conversely dyeing With iodine may 
be applied after stretching. Stretching is applicable in aque 
ous solutions, such as boric acid and potassium iodide, and in 
Water bath. 

[0132] As a materials forming the transparent protective 
?lm prepared on one side or both sides of the polarizer, With 
outstanding transparency, mechanical strength, heat stability, 
moisture cover property, isotropy, etc. may be preferable. For 
example, polyester type polymers, such as polyethylene 
terephthalate and polyethylenenaphthalate; cellulose type 
polymers, such as diacetyl cellulose and triacetyl cellulose; 
acrylics type polymer, such as poly methylmethacrylate; sty 
rene type polymers, such as polystyrene and acrylonitrile 
styrene copolymer (AS resin); polycarbonate type polymer 
may be mentioned. Besides, as examples of the polymer 
forming a protective ?lm, polyole?n type polymers, such as 
polyethylene, polypropylene, polyole?n that has cyclo-type 
or norbomene structure, ethylene-propylene copolymer; 
vinyl chloride type polymer; amide type polymers, such as 
nylon and aromatic polyamide; imide type polymers; sulfone 
type polymers; polyether sulfone type polymers; polyether 
ether ketone type polymers; poly phenylene sul?de type poly 
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mers; vinyl alcohol type polymer; vinylidene chloride type 
polymers; vinyl butyral type polymers; arylate type poly 
mers; polyoxymethylene type polymers; epoxy type poly 
mers; or blend polymers of the polymers may be mentioned. 
The transparent protective ?lm can be formed as a cured layer 
made of heat curing type or ultraviolet ray curing type resins, 
such as acryl based, urethane based, acryl urethane based, 
epoxy based, and silicone based. 
[0133] Moreover, as is described in Japanese Patent Laid 
Open Publication No. 2001-343529 (WO 01/37007), poly 
mer ?lms, for example, resin compositions including (A) 
thermoplastic resins having substituted and/ or non-substi 
tuted imido group is in side chain, and (B) thermoplastic 
resins having substituted and/or non-substituted phenyl and 
nitrile group in sidechain may be mentioned. As an illustrative 
example, a ?lm may be mentioned that is made of a resin 
composition including alternating copolymer comprising 
iso-butylene and N-methyl maleimide, and acrylonitrile-sty 
rene copolymer. A ?lm comprising mixture extruded article 
of resin compositions etc. may be used. 
[0134] In general, a thickness of the protective ?lm, Which 
can be determined arbitrarily, is about 1 to 500 um, preferably 
1 to 300 um, especially 5 to 200 pm in vieWpoint of strength, 
Work handling and thin layer. 
[0135] The protective ?lm is preferably as colorless as pos 
sible. Thus, a protective ?lm is preferably used Which has a 
?lm-thickness-direction retardation of —90 nm to +75 nm, 
Wherein the retardation (Rth) is represented by the formula: 
Rth:[(nx+ny)/(2—nz)]d, Wherein nx and ny are each a prin 
cipal refractive index in the plane of the ?lm, nz is a refractive 
index in the ?lm-thickness direction, and d is the thickness of 
the ?lm. If a protective ?lm With such a thickness-direction 
retardation value (Rth) of —90 nm to +75 nm is used, coloring 
(optical coloring) of the polarizing plate can be almost 
avoided, Which could otherWise be caused by any other pro 
tective ?lm. The thickness-direction retardation (Rth) is more 
preferably from —80 nm to +60 nm, particularly preferably 
from —70 nm to +45 nm. 

[0136] As the protective ?lm, if polarization property and 
durability are taken into consideration, cellulose based poly 
mer, such as triacetyl cellulose, is preferable, and especially 
triacetyl cellulose ?lm is suitable. In addition, When the pro 
tective ?lms are provided on both sides of the polarizer, the 
protective ?lms comprising same polymer material may be 
used on both of a front side and a back side, and the protective 
?lms comprising different polymer materials etc. may be 
used. The polarizer and the protective ?lm are bonded With an 
aqueous adhesive. The aqueous adhesive includes isocyanate 
based adhesives, polyvinyl alcohol based adhesives, gelatin 
based adhesives, vinyl based latex based, aqueous polyester 
based adhesives, and the likes. 
[0137] As the opposite side of the polarizing-adhering sur 
face of the transparent protective ?lm, a ?lm With a hard coat 
layer and various processing aiming for antire?ection, stick 
ing prevention and diffusion or anti glare may be used. 
[0138] A hard coat processing is applied for the purpose of 
protecting the surface of the polarization plate from damage, 
and this hard coat ?lm may be formed by a method in Which, 
for example, a curable coated ?lm With excellent hardness, 
slide property etc. is added on the surface of the protective 
?lm using suitable ultraviolet curable type resins, such as 
acrylic type and silicone type resins. Antire?ection process 
ing is applied for the purpose of antire?ection of outdoor 
daylight on the surface of a polarization plate and it may be 
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prepared by forming an antire?ection ?lm according to the 
conventional method etc. Besides, a sticking prevention pro 
cessing is applied for the purpose of adherence prevention 
With adjoining layer. 
[0139] In addition, an anti glare processing is applied in 
order to prevent a disadvantage that outdoor daylight re?ects 
on the surface of a polarization plate to disturb visual recog 
nition of transmitting light through the polarization plate, and 
the processing may be applied, for example, by giving a ?ne 
concavo-convex structure to a surface of the protective ?lm 
using, for example, a suitable method, such as rough surfac 
ing treatment method by sandblasting or embossing and a 
method of combining transparent ?ne particle. As a ?ne par 
ticle combined in order to form a ?ne concavo-convex struc 
ture on the surface, transparent ?ne particles Whose average 
particle size is 0.5 to 50 pm, for example, such as inorganic 
type ?ne particles that may have conductivity comprising 
silica, alumina, titania, zirconia, tin oxides, indium oxides, 
cadmium oxides, antimony oxides, etc., and organic type ?ne 
particles comprising cross-linked of non-cross-linked poly 
mers may be used. When forming ?ne concavo-convex struc 
ture on the surface, the amount of ?ne particle used is usually 
about 2 to 50 Weight parts to the transparent resin 100 Weight 
parts that forms the ?ne concavo-convex structure on the 
surface, and preferably 5 to 25 Weight parts. An anti glare 
layer may serve as a diffusion layer (vieWing angle expanding 
function etc.) for diffusing transmitting light through the 
polarization plate and expanding a vieWing angle etc. 
[0140] In addition, the antire?ection layer, sticking preven 
tion layer, diffusion layer, anti glare layer, etc. may be built in 
the protective ?lm itself, and also they may be prepared as an 
optical layer different from the protective ?lm. 
[0141] Further an optical ?lm of the present invention may 
be used as other optical layers, such as a re?ective plate, a 
trans?ective plate, a retardation plate (a half Wavelength plate 
and a quarter Wavelength plate included), and a vieWing angle 
compensation ?lm, Which may be used for formation of a 
liquid crystal display etc. These are used in practice as an 
optical ?lm, or as one layer or tWo layers or more of optical 
layers laminated With polarizing plate. 
[0142] Especially preferable polarizing plates are; a re?ec 
tion type polarization plate or a trans?ective type polarization 
plate in Which a re?ective plate or a trans?ective re?ective 
plate is further laminated onto a polarizing plate of the present 
invention; an elliptically polarizing plate or a circular polar 
izing plate in Which a retardation plate is further laminated 
onto the polarizing plate; a Wide vieWing angle polarization 
plate in Which a vieWing angle compensation ?lm is further 
laminated onto the polarizing plate; or a polarizing plate in 
Which a brightness enhancement ?lm is further laminated 
onto the polarizing plate. 
[0143] A re?ective layer is prepared on a polarization plate 
to give a re?ection type polarization plate, and this type of 
plate is used for a liquid crystal display in Which an incident 
light from a vieW side (display side) is re?ected to give a 
display. This type of plate does not require built-in light 
sources, such as a backlight, but has an advantage that a liquid 
crystal display may easily be made thinner. A re?ection type 
polarization plate may be formed using suitable methods, 
such as a method in Which a re?ective layer of metal etc. is, if 
required, attached to one side of a polarization plate through 
a transparent protective layer etc. 
[0144] As an example of a re?ection type polarization 
plate, a plate may be mentioned on Which, if required, a 
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re?ective layer is formed using a method of attaching a foil 
and vapor deposition ?lm of re?ective metals, such as alumi 
num, to one side of a matte treated protective ?lm. Moreover, 
a different type of plate With a ?ne concavo-convex structure 
on the surface obtained by mixing ?ne particle into the trans 
parent protective ?lm, on Which a re?ective layer of concavo 
convex structure is prepared, may be mentioned. The re?ec 
tive layer that has the ?ne concavo-convex structure diffuses 
incident light by random re?ection to prevent directivity and 
glaring appearance, and has an advantage of controlling 
unevenness of light and darkness etc. Moreover, the transpar 
ent protective ?lm containing the ?ne particle has an advan 
tage that unevenness of light and darkness may be controlled 
more effectively, as a result that an incident light and its 
re?ected light that is transmitted through the ?lm are diffused. 
A re?ective layer With ?ne concavo-convex structure on the 
surface effected by a surface ?ne concavo-convex structure of 
a protective ?lm may be formed by a method of attaching a 
metal to the surface of a transparent protective layer directly 
using, for example, suitable methods of a vacuum evaporation 
method, such as a vacuum deposition method, an ion plating 
method, and a sputtering method, and a plating method etc. 
[0145] Instead of a method in Which a re?ection plate is 
directly given to the protective ?lm of the polarization plate, 
a re?ection plate may also be used as a re?ective sheet con 
stituted by preparing a re?ective layer on the suitable ?lm for 
the transparent ?lm. In addition, since a re?ective layer is 
usually made of metal, it is desirable that the re?ective side is 
covered With a protective ?lm or a polarization plate etc. 
When used, from a vieWpoint of preventing deterioration in 
re?ectance by oxidation, of maintaining an initial re?ectance 
for a long period of time and of avoiding preparation of a 
protective layer separately etc. 
[0146] In addition, a trans?ective type polarizing plate may 
be obtained by preparing the re?ective layer as a trans?ective 
type re?ective layer, such as a half-mirror etc. that re?ects and 
transmits light. A trans?ective type polarization plate is usu 
ally prepared in the backside of a liquid crystal cell and it may 
form a liquid crystal display unit of a type in Which a picture 
is displayed by an incident light re?ected from a vieW side 
(display side) When used in a comparatively Well-lighted 
atmosphere. And this unit displays a picture, in a compara 
tively dark atmosphere, using embedded type light sources, 
such as a back light built in backside of a trans?ective type 
polarization plate. That is, the trans?ective type polarization 
plate is useful to obtain of a liquid crystal display of the type 
that saves energy of light sources, such as a back light, in a 
Well-lighted atmosphere, and can be used With a built-in light 
source if needed in a comparatively dark atmosphere etc. 

[0147] A description of the elliptically polarization plate or 
circularly polarization plate on Which the retardation plate is 
laminated to the polarization plates Will be made in the fol 
loWing paragraph. These polarization plates change linearly 
polarized light into elliptically polarized light or circularly 
polarized light, elliptically polarized light or circularly polar 
ized light into linearly polarized light or change the polariza 
tion direction of linearly polarization by a function of the 
retardation plate. As a retardation plate that changes circu 
larly polarized light into linearly polarized light or linearly 
polarized light into circularly polarized light, What is called a 
quarter Wavelength plate (also called M4 plate) is used. Usu 
ally, half-Wavelength plate (also called M2 plate) is used, 
When changing the polarization direction of linearly polar 
ized light. 
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[0148] Elliptically polarization plate is effectively used to 
give a monochrome display Without the coloring by compen 
sating (preventing) coloring (blue or yelloW color) produced 
by birefringence of a liquid crystal layer of a super tWisted 
nematic (STN) type liquid crystal display. Furthermore, a 
polarization plate in Which three-dimensional refractive 
index is controlled may also preferably compensate (prevent) 
coloring produced When a screen of a liquid crystal display is 
vieWed from an oblique direction. Circularly polarization 
plate is effectively used, for example, When adjusting a color 
tone of a picture of a re?ection type liquid crystal display that 
provides a colored picture, and it also has function of antire 
?ection. 

[0149] As retardation plates, birefringence ?lms obtained 
by uniaxial or biaxial stretching polymer materials, oriented 
?lms of liquid crystal polymers, and materials in Which ori 
entated layers of liquid crystal polymers are supported With 
?lms may be mentioned. Although a thickness of a retardation 
plate also is not especially limited, it is in general approxi 
mately from about 20 to 150 pm. 

[0150] As polymer materials, for example, polyvinyl alco 
hols, polyvinyl butyrals, polymethyl vinyl ethers, poly 
hydroxyethyl acrylates, hydroxyethyl celluloses, hydrox 
ypropyl celluloses, methyl celluloses, polycarbonates, pol 
yarylates, polysulfones, polyethylene terephthalates, poly 
ethylene naphthalates, polyethersulfones, polyphenylene 
sul?des, polyphenylene oxides, polyallyl sulfones, polyvinyl 
alcohols, polyamides, polyimides, polyole?ns, polyvinyl 
chlorides, cellulose type polymers, or bipolymers, terpoly 
mers, graft copolymers, blended materials of the polymers 
may be mentioned. These polymer raW materials make ori 
ented materials (stretched ?lm) using a stretching process and 
the like. 

[0151] As liquid crystalline polymers, for example, various 
kinds of polymers of principal chain type and side chain type 
in Which conjugated linear atomic groups (mesogens) dem 
onstrating liquid crystalline orientation are introduced into a 
principal chain and a side chain may be mentioned. As 
examples of principal chain type liquid crystalline polymers, 
polymers having a structure Where mesogen groups are com 
bined by spacer parts demonstrating ?exibility, for example, 
polyester based liquid crystalline polymers of nematic orien 
tation property, discotic polymers, cholesteric polymers, etc. 
may be mentioned. As examples of side chain type liquid 
crystalline polymers, polymers having polysiloxanes, poly 
acrylates, polymethacrylates, or polymalonates as a principal 
chain structure, and polymers having mesogen parts compris 
ing para-substituted ring compound units providing nematic 
orientation property as side chains via spacer parts compris 
ing conjugated atomic groups may be mentioned. These liq 
uid crystalline polymers, for example, is obtained by spread 
ing a solution of a liquid crystal polymer on an orientation 
treated surface Where rubbing treatment Was performed to a 
surface of thin ?lms, such as polyimide and polyvinyl alco 
hol, formed on a glass plate and or Where silicon oxide Was 
deposited by an oblique evaporation method, and then by 
heat-treating. 
[0152] A retardation plate may be a retardation plate that 
has a proper retardation according to the purposes of use, such 
as various kinds of Wavelength plates and plates aiming at 
compensation of coloring by birefringence of a liquid crystal 
layer and of visual angle, etc., and may be a retardation plate 
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in Which tWo or more sorts of retardation plates is laminated 
so that optical properties, such as retardation, may be con 
trolled. 

[0153] The elliptically polarization plate and the re?ected 
type elliptically polarization plate are laminated plate com 
bining suitably a polarization plate or a re?ection type polar 
ization plate With a retardation plate. This type of elliptically 
polarization plate etc. may be manufactured by combining a 
polarization plate (re?ected type) and a retardation plate, and 
by laminating them one by one separately in the manufacture 
process of a liquid crystal display. On the other hand, the 
polarization plate in Which lamination Was beforehand car 
ried out and Was obtained as an optical ?lm, such as an 
elliptically polarization plate, is excellent in a stable quality, 
a Workability in lamination etc., and has an advantage in 
improved manufacturing e?iciency of a liquid crystal display. 
[0154] A vieWing angle compensation ?lm is a ?lm for 
extending vieWing angle so that a picture may look compara 
tively clearly, even When it is vieWed from an oblique direc 
tion not from vertical direction to a screen. As such vieWing 
angle compensation retardation plate, in addition, a ?lm hav 
ing birefringence property that is processed by uniaxial 
stretching or orthogonal bidirectional stretching and a biaxi 
ally stretched ?lm as inclined orientation ?lm etc. may be 
used. As inclined orientation ?lm, for example, a ?lm 
obtained using a method in Which a heat shrinking ?lm is 
adhered to a polymer ?lm, and then the combined ?lm is 
heated and stretched or shrunk under a condition of being 
in?uenced by a shrinking force, or a ?lm that is oriented in 
oblique direction may be mentioned. The vieWing angle com 
pensation ?lm is suitably combined for the purpose of pre 
vention of coloring caused by change of visible angle based 
on retardation by liquid crystal cell etc. and of expansion of 
vieWing angle With good visibility. 
[0155] Besides, a compensation plate in Which an optical 
anisotropy layer consisting of an alignment layer of liquid 
crystal polymer, especially consisting of an inclined align 
ment layer of discotic liquid crystal polymer is supported 
With triacetyl cellulose ?lm may preferably be used from a 
vieWpoint of attaining a Wide vieWing angle With good vis 
ibility. 
[0156] When a discotic liquid crystal compound is used, the 
state of oblique orientation of the liquid crystalline molecule 
may be controlled by means of its molecular structure and the 
type of an alignment ?lm and by the use of an additive (such 
as a plasticizer, a binder and a surfactant), Which may be 
appropriately added to the optically anisotropic layer. 
[0157] It is preferred that the average optical axis of the 
oblique orientation layer of the discotic liquid crystal poly 
mer is obliquely oriented by a tilt angle of 5° to 50° With 
respect to the normal direction of the optical ?lm. 
[0158] If the tilt angle is controlled to be 5° or more in the 
optical ?lm, the layer can produce a signi?cant vieWing 
angle-Widening effect When incorporated into liquid crystal 
displays or the like. On the other hand, if the tilt angle is 
controlled to be 50° or less, good vieWing angles can be 
provided in all the vertical and lateral directions (four direc 
tions), and variations in vieWing angle betWeen good and bad 
angles depending on the direction can be prevented. From 
these vieWpoints, the tilt angle is preferably from 10° to 30°. 
[0159] The state of oblique orientation of the discotic liquid 
crystalline molecules may be a constant tilt orientation that 
does not vary With the distance betWeen the optical material 
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and the ?lm plane or may vary With the distance betWeen the 
optical material and the ?lm plane. 
[01 60] An optical ?lm having controlled three-dimensional 
refractive indices is preferably arranged on the surface of the 
oblique orientation layer of the discotic liquid crystal poly 
mer, in order that a Wide vieWing angle may be achieved and 
that the grayscale inversion range in the case of oblique vieW 
ing may be more effectively reduced. 
[0161] The polarization plate With Which a polarization 
plate and a brightness enhancement ?lm are adhered together 
is usually used being prepared in a backside of a liquid crystal 
cell. A brightness enhancement ?lm shoWs a characteristic 
that re?ects linearly polarization light With a predetermined 
polarization axis, or circularly polarization light With a pre 
determined direction, and that transmits other light, When 
natural light by back lights of a liquid crystal display or by 
re?ection from a back-side etc., comes in. The polarization 
plate, Which is obtained by laminating a brightness enhance 
ment ?lm to a polarization plate, thus does not transmit light 
Without the predetermined polarization state and re?ects it, 
While obtaining transmitted light With the predetermined 
polarization state by accepting a light from light sources, such 
as a backlight. This polarization plate makes the light 
re?ected by the brightness enhancement ?lm further reversed 
through the re?ective layer prepared in the backside and 
forces the light re-enter into the brightness enhancement ?lm, 
and increases the quantity of the transmitted light through the 
brightness enhancement ?lm by transmitting a part or all of 
the light as light With the predetermined polarization state. 
The polarization plate simultaneously supplies polarized 
light that is di?icult to be absorbed in a polarizer, and 
increases the quantity of the light usable for a liquid crystal 
picture display etc., and as a result luminosity may be 
improved. That is, in the case Where the light enters through a 
polarizer from backside of a liquid crystal cell by the back 
light etc. Without using a brightness enhancement ?lm, most 
of the light, With a polarization direction different from the 
polarization axis of a polarizer, is absorbed by the polarizer, 
and does not transmit through the polarizer. This means that 
although in?uenced With the characteristics of the polarizer 
used, about 50 percent of light is absorbed by the polarizer, 
the quantity of the light usable for a liquid crystal picture 
display etc. decreases so much, and a resulting picture dis 
played becomes dark. A brightness enhancement ?lm does 
not enter the light With the polarizing direction absorbed by 
the polarizer into the polarizer but re?ects the light once by 
the brightness enhancement ?lm, and further makes the light 
reversed through the re?ective layer etc. prepared in the back 
side to re-enter the light into the brightness enhancement ?lm. 
By this repeated operation, only When the polarization direc 
tion of the light re?ected and reversed betWeen the both 
becomes to have the polarization direction Which may pass a 
polarizer, the brightness enhancement ?lm transmits the light 
to supply it to the polarizer. As a result, the light from a 
backlight may be e?iciently used for the display of the picture 
of a liquid crystal display to obtain a bright screen. 

[0162] A diffusion plate may also be prepared betWeen 
brightness enhancement ?lm and the above described re?ec 
tive layer, etc. A polarized light re?ected by the brightness 
enhancement ?lm goes to the above described re?ective layer 
etc., and the diffusion plate installed diffuses passing light 
uniformly and changes the light state into depolarization at 
the same time. That is, the diffusion plate returns polarized 
light to natural light state. Steps are repeated Where light, in 
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the unpolarized state, i.e., natural light state, re?ects through 
re?ective layer and the like, and again goes into brightness 
enhancement ?lm through diffusion plate toWard re?ective 
layer and the like. Diffusion plate that returns polarized light 
to the natural light state is installed betWeen brightness 
enhancement ?lm and the above described re?ective layer, 
and the like, in this Way, and thus a uniform and bright screen 
may be provided While maintaining brightness of display 
screen, and simultaneously controlling non-uniformity of 
brightness of the display screen. By preparing such diffusion 
plate, it is considered that number of repetition times of 
re?ection of a ?rst incident light increases With su?icient 
degree to provide uniform and bright display screen con 
jointly With diffusion function of the diffusion plate. 
[0163] The suitable ?lms are used as the brightness 
enhancement ?lm. Namely, multilayer thin ?lm of a dielectric 
substance; a laminated ?lm that has the characteristics of 
transmitting a linearly polarized light With a predetermined 
polarizing axis, and of re?ecting other light, such as the 
multilayer laminated ?lm of the thin ?lm; an aligned ?lm of 
cholesteric liquid-crystal polymer; a ?lm that has the charac 
teristics of re?ecting a circularly polarized light With either 
left-handed or right-handed rotation and transmitting other 
light, such as a ?lm on Which the aligned cholesteric liquid 
crystal layer is supported; etc. may be mentioned. 
[0164] Therefore, in the brightness enhancement ?lm of a 
type that transmits a linearly polarized light having the pre 
determined polarization axis, by arranging the polarization 
axis of the transmitted light and entering the light into a 
polarization plate as it is, the absorption loss by the polariza 
tion plate is controlled and the polarized light can be trans 
mitted e?iciently. On the other hand, in the brightness 
enhancement ?lm of a type that transmits a circularly polar 
ized light as a cholesteric liquid-crystal layer, the light may be 
entered into a polarizer as it is, but it is desirable to enter the 
light into a polarizer after changing the circularly polarized 
light to a linearly polarized light through a retardation plate, 
taking control an absorption loss into consideration. In addi 
tion, a circularly polarized light is convertible into a linearly 
polarized light using a quarter Wavelength plate as the retar 
dation plate. 
[0165] A retardation plate that Works as a quarter Wave 
length plate in a Wide Wavelength ranges, such as a visible 
light region, is obtained by a method in Which a retardation 
layer Working as a quarter Wavelength plate to a pale color 
light With a Wavelength of 550 nm is laminated With a retar 
dation layer having other retardation characteristics, such as a 
retardation layer Working as a half-Wavelength plate. There 
fore, the retardation plate located betWeen a polarization plate 
and a brightness enhancement ?lm may consist of one or 
more retardation layers. 

[0166] In addition, also in a cholesteric liquid-crystal layer, 
a layer re?ecting a circularly polarized light in a Wide Wave 
length ranges, such as a visible-light region, may be obtained 
by adopting a con?guration structure in Which tWo or more 
layers With different re?ective Wavelength are laminated 
together. Thus a transmitted circularly polarized light in a 
Wide Wavelength range may be obtained using this type of 
cholesteric liquid-crystal layer. 
[0167] Moreover, the polarization plate may consist of 
multi-layered ?lm of laminated layers of a polarization plate 
and tWo of more of optical layers as the separated type polar 
ization plate. Therefore, a polarization plate may be a re?ec 
tion type elliptically polarization plate or a semi-transmission 
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type elliptically polarization plate, etc. in Which the re?ection 
type polarization plate or a trans?ective type polarization 
plate is combined With above described retardation plate 
respectively. 
[0168] Although an optical ?lm With the above described 
optical layer laminated to the polarizing plate may be formed 
by a method in Which laminating is separately carried out 
sequentially in manufacturing process of a liquid crystal dis 
play etc., an optical ?lm in a form of being laminated before 
hand has an outstanding advantage that it has excellent sta 
bility in quality and assembly Workability, etc., and thus 
manufacturing processes ability of a liquid crystal display etc. 
may be raised. Proper adhesion means, such as a pressure 
sensitive adhesive layer, may be used for laminating. On the 
occasion of adhesion of the above described polarizing plate 
and other optical ?lms, the optical axis may be set as a suitable 
con?guration angle according to the target retardation char 
acteristics etc. 

[0169] In addition, ultraviolet absorbing property may be 
given to the each layer of the optical ?lm and the pressure 
sensitive adhesive layer etc. of the present invention, using a 
method of adding UV absorbents, such as salicylic acid ester 
type compounds, benzophenol type compounds, benzotriazol 
type compounds, cyano acrylate type compounds, and nickel 
complex salt type compounds. 
[0170] The pressure-sensitive adhesive optical ?lm of the 
present invention is preferably used to form various types of 
image displays such as liquid crystal displays. Liquid crystal 
displays may be formed according to conventional tech 
niques. Speci?cally, liquid crystal displays are generally 
formed by appropriately assembling a liquid crystal cell and 
the pressure-sensitive adhesive optical ?lm and optionally 
other components such as a lighting system and incorporating 
a driving circuit according to any conventional technique, 
except that the optical ?lm of the present invention is used. 
Any type of liquid crystal cell may also be used such as a TN 
type, an STN type and a n type. 

[0171] Suitable liquid crystal displays, such as liquid crys 
tal display With Which the above pressure-sensitive adhesive 
optical ?lm has been located at one side or both sides of the 
liquid crystal cell, and With Which a backlight or a re?ective 
plate is used for a lighting system may be manufactured. In 
this case, the optical ?lm may be installed in one side or both 
sides of the liquid crystal cell. When installing the optical 
?lms in both sides, they may be of the same type or of 
different type. Furthermore, in assembling a liquid crystal 
display, suitable parts, such as diffusion plate, anti-glare 
layer, antire?ection ?lm, protective plate, prism array, lens 
array sheet, optical diffusion plate, and backlight, may be 
installed in suitable position in one layer or tWo or more 
layers. 
[0172] Subsequently, organic electro luminescence equip 
ment (organic EL display) Will be explained. Generally, in 
organic EL display, a transparent electrode, an organic lumi 
nescence layer and a metal electrode are laminated on a 
transparent substrate in an order con?guring an illuminant 
(organic electro luminescence illuminant). Here, a organic 
luminescence layer is a laminated material of various organic 
thin ?lms, and much compositions With various combination 
are knoWn, for example, a laminated material of hole injec 
tion layer comprising triphenylamine derivatives etc., a lumi 
nescence layer comprising ?uorescent organic solids, such as 
anthracene; a laminated material of electronic injection layer 
comprising such a luminescence layer and perylene deriva 
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tives, etc.; laminated material of these hole injection layers, 
luminescence layer, and electronic injection layer etc. 
[0173] An organic EL display emits light based on a prin 
ciple that positive hole and electron are injected into an 
organic luminescence layer by impressing voltage betWeen a 
transparent electrode and a metal electrode, the energy pro 
duced by recombination of these positive holes and electrons 
excites ?uorescent substance, and subsequently light is emit 
ted When excited ?uorescent substance returns to ground 
state. A mechanism called recombination Which takes place 
in a intermediate process is the same as a mechanism in 

common diodes, and, as is expected, there is a strong non 
linear relationship betWeen electric current and luminescence 
strength accompanied by recti?cation nature to applied volt 
age. 

[0174] In an organic EL display, in order to take out lumi 
nescence in an organic luminescence layer, at least one elec 
trode must be transparent. The transparent electrode usually 
formed With transparent electric conductor, such as indium 
tin oxide (ITO), is used as an anode. On the other hand, in 
order to make electronic injection easier and to increase lumi 
nescence e?iciency, it is important that a substance With small 
Work function is used for cathode, and metal electrodes, such 
as MgiAg and AliLi, are usually used. 
[0175] In organic EL display of such a con?guration, an 
organic luminescence layer is formed by a very thin ?lm 
about 10 nm in thickness. For this reason, light is transmitted 
nearly completely through organic luminescence layer as 
through transparent electrode. Consequently, since the light 
that enters, When light is not emitted, as incident light from a 
surface of a transparent substrate and is transmitted through a 
transparent electrode and an organic luminescence layer and 
then is re?ected by a metal electrode, appears in front surface 
side of the transparent substrate again, a display side of the 
organic EL display looks like mirror if vieWed from outside. 
[0176] In an organic EL display containing an organic elec 
tro luminescence illuminant equipped With a transparent elec 
trode on a surface side of an organic luminescence layer that 
emits light by impression of voltage, and at the same time 
equipped With a metal electrode on a back side of organic 
luminescence layer, a retardation plate may be installed 
betWeen these transparent electrodes and a polarization plate, 
While preparing the polarization plate on the surface side of 
the transparent electrode. 
[0177] Since the retardation plate and the polarization plate 
have function polarizing the light that has entered as incident 
light from outside and has been re?ected by the metal elec 
trode, they have an effect of making the mirror surface of 
metal electrode not visible from outside by the polarization 
action. If a retardation plate is con?gured With a quarter 
Wavelength plate and the angle betWeen the tWo polarization 
directions of the polarization plate and the retardation plate is 
adjusted to 313/ 4, the mirror surface of the metal electrode may 
be completely covered. 
[0178] This means that only linearly polarized light com 
ponent of the external light that enters as incident light into 
this organic EL display is transmitted With the Work of polar 
ization plate. This linearly polarized light generally gives an 
elliptically polarized light by the retardation plate, and espe 
cially the retardation plate is a quarter Wavelength plate, and 
moreover When the angle betWeen the tWo polarization direc 
tions of the polarization plate and the retardation plate is 
adjusted to 31/4, it gives a circularly polarized light. 
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[0179] This circularly polarized light is transmitted 
through the transparent substrate, the transparent electrode 
and the organic thin ?lm, and is re?ected by the metal elec 
trode, and then is transmitted through the organic thin ?lm, 
the transparent electrode and the transparent substrate again, 
and is turned into a linearly polarized light again With the 
retardation plate. And since this linearly polarized light lies at 
right angles to the polarization direction of the polarization 
plate, it cannot be transmitted through the polarization plate. 
As the result, mirror surface of the metal electrode may be 
completely covered. 
[0180] The surface of such an optical ?lm may be subjected 
to adhesion facilitating treatment such as corona treatment 
and plasma treatment or undercoating treatment such that the 
anchoring force of the optical ?lm bonded to the pressure 
sensitive adhesive layer can be increased. 
[0181] An anchor coat layer may be formed on the optical 
?lm, and then the pressure-sensitive adhesive layer may be 
formed thereon. 
[0182] For example, a solution of an anchoring component 
such as an aqueous polyethyleneimine solution is applied by 
an application method such as coating, dipping and spraying 
and then dried to form an anchor coat layer. The anchor coat 
layer preferably has a thickness of about 10 to about 5000 nm, 
more preferably of 50 to 500 nm. 
[0183] For example, the anchor coating agent for use in 
forming the anchor coat layer may be any of various Water 
soluble resins (such as Water-soluble polyester resins, Water 
soluble polyamide resins, and Water-soluble polyurethane 
resins) or a Water-dispersible resin (such as an ethylene-vinyl 
acetate copolymer emulsion and a (meth)acrylic polymer 
emulsion). Hydrophilic group-containing polyester, polya 
mide or polyurethane resins or ionic polymer complexes may 
also be used. Ethyleneimine resins are particularly preferred. 
In particular, such resins preferably have a functional group 
highly-reactive With the isocyanate crosslinking agent, and 
resins having a primary amino group at their end are prefer 
ably used, because they can produce strong adhesion by a 
reaction With the isocyanate crosslinking agent. 
[0184] Examples of ethyleneimine resins include not only 
polyethyleneimine but also ethyleneimine or polyethylene 
imine adducts of acrylic polymers and the like. 
[0185] The image display of the present invention may be a 
liquid crystal display, an organic electroluminescence (EL) 
display, a plasma display panel (PDP), or the like including 
the pressure-sensitive adhesive optical ?lm described above. 
The image display of the present invention particularly has 
excellent durability such that deterioration of the image dis 
play region can be suppressed even under severe conditions 
such as heating caused by lighting of backlight. 

EXAMPLES 

[0186] The features and effects of the present invention are 
more speci?cally described using some examples and so on. 
The evaluation items on the examples and so on Were mea 
sured as described beloW. 

<Molecular Weight Measurement> 

[0187] The Weight average molecular Weight of the result 
ing (meth)acrylic polymer Was measured by gel permeation 
chromatography (GPC) under the folloWing conditions: ana 
lyzer, HLC-8l20GPC manufactured by Tosoh Corporation; 
data processor, GPC-8020 manufactured by Tosoh Corpora 
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tion; column, G7000HXL-H+GMHXL+GMHXL manufactured 
by Tosoh Corporation; column size, each 7.8 mm<|>><30 cm, 90 
cm in total; ?oW rate, 0.8 ml/minute; injected sample concen 
tration, about 0.1% by Weight; injection volume, 100 pl; 
column temperature, 400 C.; eluent, tetrahydrofuran; detec 
tor, differential refractometer (RI). The molecular Weight Was 
determined as a polystyrene-equivalent molecular Weight. 
The Weight fraction (% by area) of polymers With molecular 
Weights of 100,000 or less Was calculated from the result of 
the GPC measurement With the data processor. In this pro 
cess, monomer components Were not included. 

<Measurement of Amount of Decomposition of Peroxide> 

[0188] The amount of decomposition of the peroxide after 
the thermal decomposition process Was determined by high 
performance liquid chromatography (HPLC). Speci?cally, 
about 0.2 g samples Were taken from the pressure-sensitive 
adhesive composition before and after the decomposition 
process, immersed in 10 ml of ethyl acetate, subjected to 
shaking extraction in a shaker at 25° C. and 120 rpm for 3 
hours, and then alloWed to stand at room temperature for 3 
days. Ten ml of acetonitrile Was then added thereto, and the 
mixture Was shaken at 25° C. and 120 rpm for 30 minutes. 
About 10 pl of the extract obtained by ?ltration through a 
membrane ?lter (0.45 pm) Was subjected to HPLC analysis 
by injection. The reduction of the peroxide amount from 
before to after the decomposition process Was determined as 
the amount of decomposition of the peroxide. Analyzer, HPL 
CCPM/UV8000 manufactured by Tosoh Corporation; col 
umn, NUCLEOSIL 7C18 (4.6 mm¢><250 mm) manufactured 
by MACHEREY-NAGEL; ?oW rate, 1 ml/minute; column 
pressure, 41 kg/cm2; column temperature, 40° C.; eluent, 
Water/acetonitrile:30/70; injection volume, 10 pl; injected 
sample concentration, 0.01% by Weight; detector, UV detec 
tor (230 nm). 

<Measurement of Gel Fraction> 

[0189] W l g (about 0.1 g) of the pressure-sensitive adhesive 
layer prepared in each of the examples and the comparative 
examples Was sampled and immersed in ethyl acetate at room 
temperature (about 25° C.) for one Week. After the immer 
sion, the pressure-sensitive adhesive layer sample (the 
insoluble matter) Was taken out of ethyl acetate, dried at 130° 
C. for 2 hours and then Weighed (W2 g). The value calculated 
by the formula (W2/Wl)><100 Was determined as the gel frac 
tion (% by Weight). 

<Evaluation of Durability (Resistance to Light Leakage)> 

[0190] The pressure-sensitive adhesive polarizing plates 
obtained in each of the examples and the comparative 
examples Were bonded in the crossed Nicols con?guration to 
both sides of a thickness of 0.7 mm non-alkali glass plate. The 
polarizing plates Were then autoclaved under 5 atm at 50° C. 
for 15 minutes to be bonded completely. The resulting sample 
Was placed on a 4000 cd/m2 backlight, and the backlight Was 
turned on in a heat testing machine at 80° C. The sample Was 
stored for 200 hours in that state and then visually observed 
on the 4000 cd/m2 backlight in a dark room as shoWn in FIG. 
2 to be evaluated for resistance to light leakage according the 
folloWing criteria: (D, the level at Which WindoW frame-like 
leakage of light Was not observed at all; 0, the level at Which 
WindoW frame-like leakage of light Was hardly observed; A, 
the level at Which WindoW frame-like leakage of light Was 
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moderately conspicuous but practically acceptable; x, the 
level at Which WindoW frame-like leakage of light Was sig 
ni?cantly observed (practically unacceptable). In Table 1, the 
numeral value (hours) shoWn along With the result is the time 
required for the light leakage to reach a signi?cantly detect 
able level. 

<Preparation of (Meth)acrylic Polymers> 

(Acrylic Polymer (A)) 

[0191] To a four-neck ?ask equipped With a stirring blade, 
a thermometer, a nitrogen gas introducing tube, and a con 
denser Were added 99 parts by Weight of butyl acrylate, 99 
parts by Weight of 4-hydroxybutyl acrylate, 0.3 parts by 
Weight of 2,2'-azobisisobutyronitrile as a polymerization ini 
tiator, and ethyl acetate. Nitrogen gas Was introduced to 
replace the air, While the mixture Was gently stirred, and then 
a polymerization reaction Was performed for 4 hours, While 
the temperature of the liquid in the ?ask Was kept at 60° C., so 
that a solution of an acrylic polymer (named acrylic polymer 
(A)) (30% by Weight in solids content) Was prepared. Acrylic 
polymer (A) had a Weight average molecular Weight of 1,650, 
000. 

(Acrylic Polymer (B)) 

[0192] To a four-neck ?ask equipped With a stirring blade, 
a thermometer, a nitrogen gas introducing tube, and a con 
denser Were added 100 parts by Weight of butyl acrylate, 0.3 
parts by Weight of 2,2'-azobisisobutyronitrile as a polymer 
ization initiator, and ethyl acetate. Nitrogen gas Was intro 
duced to replace the air, While the mixture Was gently stirred, 
and then a polymerization reaction Was performed for 4 
hours, While the temperature of the liquid in the ?ask Was kept 
at 60° C., so that a solution of an acrylic polymer (named 
acrylic polymer (B)) (30% by Weight in solids content) Was 
prepared. Acrylic polymer (B) had a Weight average molecu 
lar Weight of 1,650,000. 

(Acrylic Polymer (C)) 

[0193] To a four-neck ?ask equipped With a stirring blade, 
a thermometer, a nitrogen gas introducing tube, and a con 
denser Were added 95 parts by Weight of butyl acrylate, 5 parts 
by Weight of acrylic acid, 0.3 parts by Weight of dibenzoyl 
peroxide as a polymerization initiator, and ethyl acetate. 
Nitrogen gas Was introduced to replace the air, While the 
mixture Was gently stirred, and then a polymerization reac 
tion Was performed for 4 hours, While the temperature of the 
liquid in the ?ask Was kept at 60° C., so that a solution of an 
acrylic polymer (named acrylic polymer (C)) (30% by Weight 
in solids content) Was prepared. Acrylic polymer (C) had a 
Weight average molecular Weight of 1,800,000. 

<Preparation of Polarizing Plate> 

(Preparation of Polarizer) 

[0194] An 80 pm-thick polyvinyl alcohol ?lm Was 
stretched to 3 times betWeen rolls different in velocity ratio in 
an aqueous 0.3% iodine solution at 30° C. The ?lm Was then 
stretched to a total draW ratio of 6 times in an aqueous solution 
containing 4% of boric acid and 10% of potassium iodide at 
60° C. The ?lm Was then Washed by immersion in an aqueous 
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1.5% potassium iodide solution at 30° C. for 10 seconds and 
then dried at 50° C. for 4 minutes to give a polarizer. 

(Preparation of Polarizing Plate (a)) 

[0195] A ?lm comprising an 80 um-thick triacetylcellulose 
?lm and a discotic liquid crystal aligned on one side of the 
triacetylcellulose ?lm (WV-SA128 manufactured by Fuji 
Photo Film Co., Ltd.) Was saponi?ed and then bonded to one 
side of the polarizer such that the discotic liquid crystal Was 
arranged on the outside. A saponi?ed 80 um-thick triacetyl 
cellulose ?lm Was bonded to the other side of the polarizer so 
that a polarizing plate (named polarizing plate (a)) Was pre 
pared. 
[0196] In the WV-SA128 ?lm (80 pm in thickness), the 
surface of the triacetylcellulose ?lm Was coated With the 
discotic liquid crystal. The WV-SA128 ?lm had an in-plane 
retardation of 33 nm, a thickness direction retardation of 160 
nm and an average optical axis tilt angle of 20°. 

Example 1 

Preparation of Pressure-Sensitive Adhesive Solution 

[0197] To the solution of the acrylic polymer (A) Were 
added 0.2 parts by Weight of dibenzoyl peroxide as a peroxide 
(NYPER BMT40 SV having a half life of one minute at 130° 
C. manufactured by NOF CORPORATION), 0.07 parts by 
Weight of a trimethylolpropane-xylylene diisocyanate adduct 
as an isocyanate crosslinking agent (TAKENATE D-110N 
manufactured by Mitsui Takeda Chemicals, Inc.), and 0.1 
parts by Weight of organosilane as a silane coupling agent 
(A-100 manufactured by Soken Chemical & Engineering 
Co., Ltd.), based on 100 parts by Weight of the solids of the 
solution. The materials Were uniformly stirred and mixed to 
give an acrylic pressure-sensitive adhesive solution (1). 

(Preparation of Pressure-SensitiveAdhesive Polarizing Plate) 

[0198] The acrylic pressure-sensitive adhesive solution (1) 
Was applied to one side composed of a silicone-treated poly 
ester ?lm separator and heated at 155° C. for 3 minutes to 
form a pressure-sensitive adhesive layer, Which had a thick 
ness of 20 um after drying. In this case, the amount of decom 
position of the peroxide Was theoretically calculated to be 
about 99% by Weight. The pressure-sensitive adhesive layer 
had a gel fraction of 72% by Weight. Even after the pressure 
sensitive adhesive layer Was stored at 60° C. for a month, no 
increase in the gel fraction Was observed. 
[0199] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (Polarizing Film NWF 8, 10 or 15 inches in ?lm size 
manufactured by Nitto Denko Corporation, Which comprises 
a triacetylcellulose ?lm and an obliquely oriented discotic 
liquid crystal layer provided thereon and also serves as a 
protective ?lm, Wherein the ?lm size is expressed by the 
diagonal of the ?lm With an aspect ratio of 3:4) so that a 
pressure-sensitive adhesive polarizing plate Was prepared. 

Example 2 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0200] The acrylic pressure-sensitive adhesive solution (1) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 155° C. for 3 minutes to form a 
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pressure-sensitive adhesive layer, Which had a thickness of 25 
um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 73% by Weight. 
[0201] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Example 3 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0202] The acrylic pressure-sensitive adhesive solution (1) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 155° C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 30 
um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 72% by Weight. Even after the pressure-sensi 
tive adhesive layer Was stored at 60° C. for a month, no 
increase in the gel fraction Was observed. 
[0203] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Example 4 

Preparation of Pressure-Sensitive Adhesive Solution 

[0204] To the solution of the acrylic polymer (B) Were 
added 0.4 parts by Weight of dibenzoyl peroxide as a peroxide 
(NY PER BMT40 SV having a half life of one minute at 130° 
C. manufactured by NOF CORPORATION) and 0.1 parts by 
Weight of 3-glycidoxypropyltrimethoxysilane as a silane cou 
pling agent, based on 100 parts by Weight of the solids of the 
solution. The materials Were uniformly stirred and mixed to 
give an acrylic pressure-sensitive adhesive solution (2). 

(Preparation of Pres sure- Sensitive Adhesive Polarizing Plate) 

[0205] The acrylic pressure-sensitive adhesive solution (2) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 130° C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 20 
um after drying. In this case, the amount of decomposition of 
the peroxide Was theoretically calculated to be about 88% by 
Weight. The pressure-sensitive adhesive layer had a gel frac 
tion of 71% by Weight. Even after the pressure-sensitive 
adhesive layer Was stored at 60° C. for a month, no increase in 
the gel fraction Was observed. 
[0206] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Example 5 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0207] The acrylic pressure-sensitive adhesive solution (2) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 155° C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 25 
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um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 72% by Weight. Even after the pressure-sensi 
tive adhesive layer Was stored at 60° C. for a month, no 
increase in the gel fraction Was observed. 
[0208] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Example 6 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0209] The acrylic pressure-sensitive adhesive solution (2) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 155° C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 30 
um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 70% by Weight. Even after the pressure-sensi 
tive adhesive layer Was stored at 600 C. for a month, no 
increase in the gel fraction Was observed. 
[0210] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Comparative Example 1 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0211] The acrylic pressure-sensitive adhesive solution (1) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 1550 C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 1 5 
pm after drying. 
[0212] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Comparative Example 2 

Preparation of Pressure-Sensitive Adhesive Solution 

[0213] To the solution of the acrylic polymer (C) (based on 
100 parts by Weight of the solids of the solution) Was added 
1.0 part by Weight of a trimethylolpropane-tolylene diisocy 
anate trimer adduct as an isocyanate crosslinking agent 
(Coronate L manufactured by Nippon Polyurethane Industry 
Co., Ltd.). The materials Were uniformly stirred and mixed to 
give an acrylic pressure-sensitive adhesive solution (3). 

(Preparation of Pressure-SensitiveAdhesive Polarizing Plate) 

[0214] The acrylic pressure-sensitive adhesive solution (3) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 1550 C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 1 5 
pm after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 75% by Weight. 
[0215] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
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(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Comparative Example 3 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0216] The acrylic pressure-sensitive adhesive solution (3) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 1550 C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 20 
um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 75%. 
[0217] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 

Comparative Example 4 

Preparation of Pressure-Sensitive Adhesive Polariz 
ing Plate 

[0218] The acrylic pressure-sensitive adhesive solution (3) 
Was applied to one side of a silicone-treated polyester ?lm 
separator and heated at 1550 C. for 3 minutes to form a 
pressure-sensitive adhesive layer, Which had a thickness of 25 
um after drying. The pressure-sensitive adhesive layer had a 
gel fraction of 75%. 
[0219] The separator provided With the pressure-sensitive 
adhesive layer Was then transferred and bonded to one side 
(the discotic liquid crystal layer side) of the polarizing plate 
(a) (8, 10 or 15 inches in ?lm size) so that a pressure-sensitive 
adhesive polarizing plate Was prepared. 
[0220] The durability (resistance to light leakage) of each 
laminated sample Was evaluated by the method described 
above. The results are shoWn in Table 1. 

TABLE 1 

Thickness of 
Pressure 
sensitive 
adhesive Resistance to Light Leakage 

layer (pm) 8 inches 10 inches 15 inches 

Example 1 20 (D Q G 
Example 2 25 (D (D (D 
Example 3 30 (D (D (D 
Example 4 20 (D Q Q 
Example 5 25 (D (D (D 
Example 6 30 (D (D (D 
Comparative 15 A(350 hours) ><(200 hours) ><(120 hours) 
Example 1 
Comparative 15 ><(200 hours) ><(120 hours) ><(100 hours) 
Example 2 
Comparative 20 Q ><(150 hours) ><(120 hours) 
Example 3 
Comparative 25 Q A ><(200 hours) 
Example 4 

[0221] As apparent from the results of Table 1, When the 
pressure-sensitive adhesive polarizing plate prepared accord 
ing to the present invention Was used (Examples 1 to 6), the 
image display region Was less deteriorated and had excellent 
durability even under severe conditions such as heating 
caused by lighting of backlight in all the examples. 
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[0222] In contrast, When the pressure-sensitive adhesive 
polarizing plate used did not have the essential feature of the 
present invention (Comparative Examples 1 to 4), deteriora 
tion of the image display region Was not suf?ciently sup 
pressed under severe conditions such as heating caused by 
lighting of backlight so that the durability Was loWer in all the 
comparative examples than in the case Where the pressure 
sensitive adhesive polariZing plate of the present invention 
Was used. 

[0223] As is evident from the above, the pressure-sensitive 
adhesive optical ?lm according to the present invention can 
suppress deterioration of the image display region and have 
excellent durability even under severe conditions such as 
heating caused by lighting of backlight. 

1. A pressure-sensitive adhesive optical ?lm, comprising: 
an optical ?lm; 

and a pressure-sensitive adhesive layer arranged on one or 
both sides of the optical ?lm, Wherein the pressure 
sensitive adhesive layer is made from a pressure-sensi 
tive adhesive composition comprising 100 parts by 
Weight of a (meth)acrylic polymer Which contains, as a 
monomer unit, at least 50% by Weight of an alkyl (meth) 
acrylate ester having an alkyl group With 4 or more 
carbon atoms, and 0.02 to 2 parts by Weight of a perox 
ide, and the pressure-sensitive adhesive layer has a 
thickness of 20 pm or more. 

2. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the pressure-sensitive adhesive composition 
further comprises 0.01 to 2 parts by Weight of an isocyanate 
crosslinking agent based on 100 parts by Weight of the (meth) 
acrylic polymer. 

3. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the pressure-sensitive adhesive composition 
further comprises 0.01 to 1 part by Weight of a silane coupling 
agent based on 100 parts by Weight of the (meth)acrylic 
polymer. 

4. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the (meth)acrylic polymer further com 
prises, as a monomer unit, 0.01 to 5% by Weight of an 
hydroxyl group-containing monomer. 

5. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the (meth)acrylic polymer is free of a func 
tional group reactive With an isocyanate group. 

6. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the (meth)acrylic polymer has a Weight 
average molecular Weight of 1,000,000 or more. 
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7. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the pressure-sensitive adhesive layer has a 
gel fraction of 40 to 95% by Weight. 

8. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the pressure-sensitive adhesive layer has a 
thickness of 25 to 40 pm. 

9. The pres sure- sensitive adhesive optical ?lm according to 
claim 1, Wherein the optical ?lm is a laminate comprising a 
compensation ?lm. 

10. The pressure-sensitive adhesive optical ?lm according 
to claim 9, Wherein the compensation ?lm comprises an 
obliquely oriented discotic liquid crystal layer. 

11. The pressure-sensitive adhesive optical ?lm according 
to claim 1, Wherein the optical ?lm is a laminate comprising 
a polariZing plate. 

12. The pressure-sensitive adhesive optical ?lm according 
to claim 1, Wherein the optical ?lm is at least 8 inches in siZe. 

13. A method for producing a pressure-sensitive adhesive 
optical ?lm, including the steps of forming a layer comprising 
a pressure-sensitive adhesive composition on one or both 
sides of an optical ?lm, and crosslinking the pressure-sensi 
tive adhesive layer With a peroxide, Wherein the pressure 
sensitive adhesive layer is made of the pressure-sensitive 
adhesive composition containing 100 parts by Weight of a 
(meth)acrylic polymer Which contains, as a monomer unit, at 
least 50% by Weight of an alkyl (meth)acrylate ester having 
an alkyl group With 4 or more carbon atoms, and 0.02 to 2 
parts by Weight of a peroxide, and the pressure-sensitive 
adhesive layer has a thickness of 20 pm or more. 

14. The method according to claim 13, Wherein the pres 
sure-sensitive adhesive composition further comprises 0.01 
to 2 parts by Weight of an isocyanate crosslinking agent based 
on 100 parts by Weight of the (meth)acrylic polymer. 

15. The method according to claim 13, Wherein at least 
50% by Weight of the peroxide is decomposed by the 
crosslinking step. 

16. The method according to claim 13, Wherein the pres 
sure-sensitive adhesive layer has a gel fraction of 40 to 95% 
by Weight. 

17. The method according to claim 13, Wherein the optical 
?lm is a laminate comprising a compensation ?lm. 

18. The method according to claim 17, Wherein the com 
pensation ?lm comprises an obliquely oriented discotic liquid 
crystal layer. 

19. An image display, comprising a laminate comprising 
the pressure-sensitive adhesive optical ?lm according to 
claim 1. 


